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THE 

PREFACE. 

SINCE the invention of gunpowder, 
fortification has received various im-* 
provements, and thany have been the books 
wrote upon this fubjedt, which might incline 
one to think, that it was arrived to its utmoft 
perfe(5tion ; but upon an impartial furvey of 
moft of the writers, it will be found, if I 
miftake not, that many of them are deficient 
either in theory or practice, and others blind- 
ed by prejudice, fo that there is much room 
left to exercife the genius and excite the in- 
duilry of thofe whofe bufinafs leads them to 
thisftudyi befides, as the art of attacking re- 
ceived feveral improvements in the late wars, 
it (hould follow that the art of fortifying re^ 
quires likewife improvements jn proportion^ 

Not a few authors have proceeded upon 
maxims, fome of which are uncertain, others 
trifling, and they have often neglcdcd thofe 
which are fclf-revidcnt ; this together with 
their adopting fome favourite fcheme has re- 
tarded its progrefs. 

Particular care £houId be taken, in tracing 
plaqs 01) paper, in order to know whether 

A 3 they 
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vi PREFACE. 

they are pradicabl^ or not; ..which has been 
negleded by many, even by fbmc of thofe 
who are generally efteemed the beft writers. 

Some think it fufficient, that they make 
fchenics with a great itiany outworks upop 
outworks, fo as thefe works defend each 
other ; without confidering whether the town 
thus furrounded is fpacious enough to hold, 
befidcs the inhabitants, a garrifon fufficient to 
defend it : or the expence it would require to 
maintain them, and likcwife the neceflary 
ftorcs : it U true they never fail to tell you 
that they haye fome fecret, which enables 
them to build for half the coft that others, do^ 

Notwithftanding the art of fortifying irre- 
gular places is moft ufeful, yet no author, 
whom I know, has given theleaft hint or di- 
redion whereby to judge of the advantage or 
difadyantage of the feyeral parts pf fuch a 
place : all they have done confifts in giving 
fome fchem(?s of their own fancy, and telling 
us no work ought to be rnade without being 
defended by fomQ other; not confidering 
that although the parts defend each other, 
there may be fpmc which arc much ftronger 
than others. 

For the true art confifts in making an irre- 
gular fortification cyery where equally ftrong, 

which 
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PREFACE, vii 

which they feemed Co be ignorant, of, or If 
they knew it, they could not diflinguifh the 
firong from the weak. 

The commentators on M. Vau^an's mc^^ 
thods, who are (o laviih in his praifes, do 
not mention any thing of his way of forti- 
fying irregular places; although he. under- 
flood it better than any one, as appears by 
a great many examples of this kind; neither 
has any of them (hewn why he made always 
the exterior fide next to a river much longer 
than any other, as ipay be feen in the plans oi 
Hunningen, and Sarrelouis ; yet it is unque- 
ftionable ,tbat a man of fo much experience 
bad ibijoe very good reafons for what he did« 

The very fame miftake is made with re** 
gard to M. Coeiorn^ by thofe who praife hioi 
to the ikies, on account of his treatife which 
he publiihed before he had acquired fo that 
great experience, for which he was juftly 
cfteemed in his latter years; and it is an un^ 
doubted proof that he himfelf was of the 
fame opinion aftervi^ards, fince be did not 
ufe any of the methods published in his book, 
when he fovti^edBergen-op-Zooomznd part of 
Manbeim: b^d he left us in writing that 
knowledge which he acquired by hia great 
experience* it wpuld have undoubtedly been 
A ^ worthy 
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viii PREFACE, 

iKVorthy of fo great a man, and would have 
©crfeftly }uftifie<i the high opinioa the world 
conceived of him. 

I? will not be improper to mention Da^^ 
nidSpecky who puWifted a book of fortifi-p 
cation in tljieyear 1589 at Strafiour^ in the 
0erman language, which M. Coeharn has 
phiefly folio vir^gd, a^ may be feen by compare 
ing theif works j and DiiiebiuSt whp'pub- 
lifti^d his peribolcgia in the year 1640, at 
Frankfurt pn the Mairi^ in German andXtfftV 
wes followed by M. Fau^an ; fince there is 
nothing in (bis aBtbor^ befides his cpncave 
^anfcs, but what is to be found in the other. 

Tfeef^ two German authof s were undoubt- 
jidly the beft in th0ir times^ and as it were 
tb^ fountains froni which the prefcpt me- 
thods^^ are derived : the few improvement^ 
made fince arefufficient proofs of their flcill^ 
and at the fape time of (he barrenne^ pf ip? 
yention of' thofe ilnce» 

As B/E. V^ubans methods are now moft in 
vogue^ and chiefly uftd all over Ewope ; we 
l^ippght it would not be improper to explain 
tbem^ drik, and after his^, thofe of M- Cocr 
^n^ yvhich are next ip efteem ; and then 
Jay down fome principles, whereby the ad- 
vantage or difadvantage of a fortification may 
^ r'' ^ 2 be 
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P R E F A C E.^ 1% 

be known ; after^this* we have examiiied 
their methods in each part feparately^ and 
pointed out their feveral deficiencies^ and af- 
terwards have given feme of the fame works 
with proper corredions* 

Then we propofe three different methods 
which we hope are not altogether to be de« 
pifed^ and which we think might be ufed 
According to the different fituations and im- 
portance of places : this with the conftrudtions 
of fome of the mod celebrated authors and 
their examination^ finiflaes the regular part 
lof fortification. 

Wc begin the irregular^ by (hewing how a 
place^ that cannot be made regular^ may be 
tnade fo, as one half may be fimilar and equal 
to the other half; then we enquire which part 
of fuch a fortification is flrongell and which 
IS weakeft ; thefe principles, which are de- 
pionftrable, ferve to judge of the wcakeft 
and flronge/l part of any irregular fortifica- 
tion whatfoeycr ; arid for a farther confirma^ 
tion of the truth of them, we refer the reader 
to feveral places in Flanders fortified by the 
greateft mafters, and which agree cxadlly 
^ith what wc have advanced. 

As the greateft flrength of this, and all ma- 
ritime nations, C9nfift a iqi traffic, and as forti- 
^ ' '^ ' . fied 
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I]e5* places which lie near ri#i?rs, lakes^ creeks, 
or the fca, chiefly fcrve to proted and promote 
^ trade, we have dwelled upon and explained 
their conftrudions in a more particular man- 
ner, and nothing has been omitted that could 
be thought of, which might any ways contri- 
bute to the right undfrftandihg this fubjeft. 

Several examples are given, in order to 
fiiew, how and in what manner the reader 
ipay proceed, if he. finds himfclf employed 
in the Qonftf u£tion of. fuch places ; the fe- 
Veral advantages and difadvantages of their 
fituations are carefully examined, and thefe 
which require leaft expence to fortifjr, and 
are mofl: convenient in other refpeds, are' 
diftinguifhed; for a further explanation we 
have examined feveral fea-port towns, and 
pointed out thofe which deferve to be imitat- 
ed, and others; which (hould be avoided i 
the plan of I'oulon with its harbour is iq- 
ferted, as being one of the beft \{\ Europe : 
laftly, we have given the principal conditions 
required in the conftruftion of fuch places. 
Having thus far explained the feveral parts of 
irregular fortification, we proceed to fhcvy 
how citadels are to bejoined to places, and the 
faults committed in fome of the fined in £^- 
, rope are pointed out 5 the work concludes with 

the 
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the manner of bi^Iding forts^ where particu^ 
lar notice has been taken of the methods ge- 
nerally followed in the building of fuch 
works, near rivers 'and the fea, and (hewn 
their ill confequences : as this fubjeiS: is very 
important to this nation, on account of the 
piany forts we have and daily build, fo we 
have endeavoured to point out themoft pro- 
per manner, in which they fhould be made. 

The prefent undertaking contains the theo- 
retical part of fortification only, that which 
relates to the practice has been treated in 
another volume, fo that the whole together 
makes a complete treatife of fortification, 
containing all the mofl material principles 
neceflary to an Englijh engineer. I may 
venture to fay, that whoever reads it with pro- 
per attention,, will find no endeavours have 
been wanting to explain every thing that i% 
necefiary in as fhorta compafs as was pofiible. 

In this edition, particular care has been 
taken to enlarge the explanations of the 
conftrudions and remarks wherever it was 
thought neceflary, in order to fet every thing 
in as clear a light as we could : for notHing 
elfe feemed to be wanting to complete the 
work. 

THE 
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T R E A T IS E 

GONtAIMiNG 

The Elementary Part 

O P 

FORTIFI CATION. 

S £ C T. L 

Of praSiical Geometry. 

DEFINltlONS. 

1. TpXTENSlONis diftinguifhcd pi^a. 

y^j into lengthy breadth^ and thicknefs^ 
which are called dimenfions. 

St. A hne has only length, as ABt 

3. The terms or boubds of a line are called 
ptints^ and have no diaicnfions. 

4, kjurfaa has length and breadth only, 
as C- 

The bounds di a furface are lines. 

B 5. A 
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THE ELEME'NTS 

5. h/olid has length, breadth, and thick-' 
ncfs, as D. 

The bounds of a folid are furfaccs. 

6. A rigbt'line is the (horteft that can be 
drawn from one point to another. 

y. Parallel lines arc thofe which are every 
where equidiftant, although produced^/i /;?-> 
Jinitum^ as AB, CD, 

8. A plane Jurface is that which lies 
evenly between its bounds, and agrees with 
a right line placed on it according to any 
po/ltion. 

9. The opening of two lines, which meet 
each other in a. pointy is called an angle^ 
as A. 

JV. B. An angle is generally expreifed by 
three letters, as ABC, with the letter exprefs- 
• ing the angular point in the middle. 

10. If a line CD meets another line AB, 
fo that the angles CDA, CDB, are equal ; 
that line CD, is faid to be perpendicular to 
the other AB. 

And the equal angles. CDA, CDB, are 
called right angles. 

But if the line is oblique, as DE, the 
greateft angle EDA, is called an obtufezXi^t \ 
and the lead EDB, an acute angle. 

i\. A 

Digitized by VjOOQIC 



OF FORTlFlCAtrON^ 

1 1. A plane furface terminated by three 
fight lines^ is called z plane triangle. 

12. When the three (ides of a triangle arc 
equal, it is called an equitcfteral triangle^ bs C^ 

13. When only two fides are equal, an 
ifofceles triangle 9 as Ai 

14. When the three fides ^re unequal^ a 
Jcalene triangle^ as B* 

15. When one angle of a triangle is a 
right angle, it is called a right-angled trian- 
gle, as D. 

16. Any one fide of a triangle may b© 
called the bafe^ and the angular point oppo« 
fite to, the bale, is called the vertex. 

ij. In a right-angled triangle, the fide 
oppofite to the right angle is called the hy^ 
fothenufe. 

18. A plane of four fides. Is called in ge- 
neral a quadrilateral figure* 

19. A quadrilateral, whofe four fides are 
equal as well as the four angles^ is called a 

fquare^ as A. 

20. If the four angles are equal, and only 
the oppofite fides a re^angle^ as B. 

21. If the oppofite angles are only equal, 
and the oppofite fides a parallelogramf as C. 

22- A plane figure of above four fides, is 
called-in general a ^c^^^M. 

B a 23. A 
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THE ELEMENTS 

23. A circle is a plane figure bounded by 
one continued line' ABC called the circum^ 

ferencCf which is every where equally diftaht 
from a point O within the circle^ called the 
ienter. 

24. Any line, as AO, drawn from the 
center to the circumference^ is called a radius. 

25. Any line^ as AB, terminating in a 
circle, is called a cb&rd^ which divides the 
circle into two parts, ABC, AD6, called 

fegmentsi the parts of the circumference, ter- 
tninatcd by the chord, are called arcs^ and 
when the chord paffes through the center, it 
is called a diameter^ and divides the circle 
into two equal parts, c?X\tAfemicircles. 

26. Any part of the circle, as AOB, ter- 
minated by two radii and an arc,^ is called 
zfeSior. 

2j. The meafurc of an angle is the arc 
defcribed from the angular point as center 
with any radius^ and terminated by the line$ 
which form the angle. 

28. A line AT, which touches a circle 
in one point A only, is called a tangent*, 
and the point A, where it touches, the point 
of contaB. 

29. The line CT drawn from the center 
and tcFminated by the tangent, is called the 

. ' fecant 
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OF FORTIFICATIOR 

ficant of the arc AM, as AT ia called its 
tangent^ and the perpendicular PM to the 
radius CA the Jint^ CP the xojine^ and AP 
the 'iserfedfine of that arc, or of the arc BM, 
its fupplefnent to a femi-circlc. 

30. A polygon^ is called regular ^ when 
all its fid^s are equal as well as all its angles i 
and /rr^^«/jr, when they are unequal. 

31. A polygon is faid to be infcribedin a 
circle^ when all its angles touch the clrcuni-- 
Icrence ; and ctrcumfcribed about a circle, 
when all its (ides toiich the circle. 

Polygons are diftinguiflied by the number 
of .their 5des, viz. 



5 Pentagon. 

6 Exagon. 

7 Eptagon. 

8 Oaagon. 



9 Enneagon. 

10 Decagon. 

1 1 Ondecagon. 

1 2 Dodecagon* 



Problems ufeful in Fortification. 

I. T'oJraw a line^ through a given point C, 
perpendicular to another line AB, 

Froni the given point C as center, defcribe 

an arc with any radius fo as to meet the line 

AB, in two points E,F, and from thefe points 

as centers, defcribe two arcs with the fame 

B 3 radius, 
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THE ELEMENtS . ' 

radius, fo as to intcrfedl each other at D| 
then the line drawn through this intcrfcftion 
and the given point C will be the pcrpendi-^ 
Cular required. 

2. 7*0 draw a line, through a given point 
C, parallel to another line AB. 

From the given point C as center, defcribe 
an arc fo as to touch, the line AB, and from 
any point E in AB as center, defcribe an- 
other arc with the fame radius ; then the line 
drawn through the given point C, fo as to 
touch this arc, will be the parallel required. 

3. To divide a given line AB, into any 
.number of equal J>artSy as Jive. 

Through the extremity A draw a line 
AC at pVafure fo as to make any angle with 
AB, and thrbugh the other extremity B, draw 
BD parallel tp AC ; then if from the point 
A towards C, there be fet off as many equal 
parts lefs one of any length, on AC, as the 
jine AB is to be divided into, and the fame 
thing to be done on the line BD ^ the lines 
which join the oppofite points will divide 
the line AB into the defired number of equal 
parts. 

4. To divide a given angle ACB into two 
faual parti. 

From 
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. From the angular point C as center^ de- 
fcribe an arc with any radius, meeting the 
legs of the angle at A, B : from thefe points 
as centers, defcribe two arcs with the fame 
radius, fo as to interfed each other at D ; then 
the line drawn through thisinterfedtion and the 
angular point C, will bifedl the given ?ngle. 

5. Ti? draw a line CA, fo as to make an 
angle ACB, with a given line CB, equal to 
a given angle a c b. 

From the points C, c, as centers, defcribe 
two arcs with the fame radius taken at plea« 
fure : make the arc AB equal to the arc a bi 
and the line drawn through the points C, A^ 
will make the angle required. 

N. B. Mathematicians fuppofc the cir- 
cumference of a circle to be divided into 
360 equal parts called degrees, each degree 
dividedjnto 60 equal parts called minutes^ 
as likewife each minute into 60 equal parts 
called feconds* 

Thefe divifions are generally marked on 
a brafs femi- circle or a rectangular piece of 
ivory, called protrador, and fcrve either to 
meafure any angle by, or to lay down any 
angle on paper. 

Hence a quadrant or the meafures of a 

right angle is 90 degrees, as being the fourth 

B 4 part 
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THE ELEMENTS ^ 

part of the circumference ; a fcmi-circle or 
the oicafurc of two right angles iSo; and 
"becaufc the three angksi of a triangle being 
ifqct^l to two rrght ones, each of 'the angles 
jof ^.equilateral triangle, is one third of 1 80 j 
that is, i(5o degrees, or the fixth part of the 
nvhole circumference. 

. 6* To hife^ a line AB, by a perpendicular 
to it. . 

From the extremities A, B, as centers, 
defcribe arcs on both fides of that line, with 
^ny radius fo as to interfefl: each other at D, 
?nd E J then the tine PF will be perpendif 
cukf to and bifcft AB. 

7* I'o defcribe the circumference of a circlets 
through three given joints A', B, C. 

Join thefe points* by two Knes AB, BC 5 
bifedt thefe lines by the perpendiculars DGj^ 
•EO; then their interifedlion O, will be the 
center of the circle defired. 

8. l!o infcrihe afquare in a circle. 
Draw the diameter AB, to which draw 
the diameter CD perpendicular; then tha 
Jines joining the extremities of thefe diacieters 
will be the fquare ABCD required. 

If the quadrant AC be bife€ted in E^, the 
phord AE or EC will be the fide pf an odta 
gqn, infcribed ip the cirpl?, 

9. Tp 
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9. To injcribe a pentagon or a decagon in 
a circle. 

D?aw the radius DC at right angles to thd 
diameter AB, hlfcdt AC in E, and from the 
point E as center, dcfcribe ah arc through 
the point D meeting the diameter AB in F, 
draw DP 5 then wiU t)F be the fide of the 
pentagon, and CF that of the decagon in** 
(bribed in the circle. 

10. To infcribe an exagon in a circle. 
Take the radius AO and carry it round 

the circumference, and you will have the 
exagon required. 

If the arc AB be bifeiacd at D, the chord 
of the arc AD or DB, will be the fide of a 
dodecagon infcribed in the circle, 

jy. 5. The eptagon, cnneagon, and on- 
'^ecagon,' cannot be .geonretricaHy infcribed 
in a circle ; for which reafon we ftiall give 
mechanical conftrudions of them> which are 
fufficiently ex^6l for pradlice. 

\\. To infcribe an eptagon in a circle. 

From any point A in the circumference as 
center, defcribe an arc through the center O, 
ineeting the circumference in B and C 5 
draw CB and the radius AO ; then the half 
BD or DC of BC will be the fide of aa 
eptagon nearly, 

J2. 7q 
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12. T!o tnfcribe an enneagon in a circle. 
Carry the radius from A to B, and divid^ 

the arc AB into three equal parts, by re- 
peated trials ; and let A a be two thirds of 
AB ; thep the chord A a will be the fide of 
the enneagon cxaSly, if A a is exadly two 
two thirds of AB. 

13. Ho infcribe an ondecagon in a circle. 

^ Draw the radius CD, perpendicular to the 
diameter AB j from the extremity B as cen- 
ter, defcribe an arc through the point D, 
meeting the diameter in E, at E ered a per- 
pendicular EF, to the diameter, or draw EF 
parallel to CD, meeting the circumference 
jn F : then if the arc A F be bifeded in G^ 
the chord of AG or GF will be the fide of 
the ondecagon required. 

14. T^o infcribe a polygon in a circle, fo that 
itsjides Jhall be of a given length. 

Infcribe a fimilar polygon, that is, one of 
the fame number of fides, in any circle by 
the foregoing problems ; an^ Jet AB be one 
of thofe fides, which produce to C fo as BC 
be equal to the given fide, and draw CD pa- 
rallel to the radius OB, till it meets the ra- 
< dius OA produced at D i then OD will be the 
radius of the circle required. 

This 
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This problem is eafier folved by means 
of a fedtor, in this manner. On the inner 
edge is a line marked polygon, whofe num« 
bers anfwer from a fquare or pentagon to a 
dodecagon ; you taike the length of the fido 
of the polygon which is to be infcribed in a 
cirdc, between the points of your compafs; 
and fet one point upon the number of the 
fides on the feftpr, and open the fedor fo as 
the other point of the compafs meets the 
fame number on the other leg of thb feffcor ; 
then keeping the fcdlor thus opin, you take 
the opening from 6 to 6 on the fedtor be- 
tween the points of your compafs, and that 
will be the radius pf the circle wanted, * 

DEFINITIONS, 

The angle ABC made by any two conti- 
guous fides of a polygon is called the angle 
of the polygon I and the angle AOB made by 
two radii drawn to the extremities of the 
fame fide of a polygon, is called the angle 
of the center. 

The angle of the center of a regular po- 
lygon is found, by dividing 360 degrees by 
the number of the fides : thus 360 divided 
by 5 gives 7? degrees for the angle of the 

center 
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center of a pentagon j and 360 divided by 6 
gives 60 degrees for the a^glejof the centex; 
of an exagon. 

But the angle of the polygon is found by 

fubtrading the angle of the center from 180 

degrees; thus 180 •—72=1 08 degrees in 

. the pentagon I and iSo— 6o=izo degree^ 

in the cxagon, • 
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Of the meafures and fcaks ufed in 
' \^ Fortification. : 

The French make ufe of a meafure cdfod 
a toife^ which is fix feet^ and therefore, 13- 
vehat we call ^fathom here in England. 

The Dutch, and nioft of the Germani 
make ule of the TsLhinland rod, which is la 
Rhinland feet. 

The French royal foot is to the Englijb 
foot, as 1 14 to J 07, or as 16 to 15 nearly, 
in fmallcr numbers. 

The Rhinland foot is to the French foot^ 
as 1033 to 1^068, or as 29 to 30 nearly, 
in fmaller numbers; and therefore, half the 
Rhinland rod is to a French toife, as 29 to 3a 
nearly* 

As we propofe to give M. Vauban's con- 
ftrudlions, with thofc of the moft celebrated 
authors of that nation, we (hall ufe the word 
toifcs in this, work, a« being more convenicat 
for underflanding their methods than that 
of fathom i the valuation of the French into 
Englijh meafure, may be eafily made by the 
pfoportion given above. 

When a plan of a fortification is to be 
drawn, which is to be executed, it will be 

con- 
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convenient to have a fcalc divided into equal 
parts ; as for example^ an inch divided iiita 
20, 25, 30, 35, 40,^ 45, 50, 55, ^o: then 
that of 40 to an inch is to be ufed in this cafe» 
in order to cxprefs every part diftindtly, which 
cannot fo well be done upon a fmaller otic. 

'VVben a plan is to be drawn upon any 
other occaiion, any other fcale will do> which 
may be greater or lefs» according as it is 
thought mod convenient. 

The profiles are generally drawn upon a 
fcale of thirty feet tp an inch r becaufe they 
are to exprefs the heights of the different 
parts, which cannot fo well be done upon a 
lefler. 

If a fcale ready divided csinnot be had, 
or fuch a one as may be wanted upon a par^ 
ticular occafion, there mufl be one made on 
ftrong paper, by the help of the third pro- 
blem. 

Colours ufed in the drawings of For-* 
tijications. 

It is neceflary to ufc colours in the draw- 
ings of plans and profiles of a fortificatioh, in 
order to diftinguifh every particular part, and 
feparjate, as it were, the one from the other^ 

fo 
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fo as to make their diflFcrence more fenfible. 
The manner af ufing colours, is called cO'- 
louring. 

The firft and moft neceflary thing required 
in drawing, is Indian ink ; for it fervcs, in 
drawing the lines, to exprefs hills or rifing 
grounds, and in (hort, for all what is called 
fhading in drawings. 1 

. There are fix different forts of colours, 
generally ufed in thefe kinds of drawings, 
viz. carmine, verdegreafe, fap-green, gum-' 
boueb, indigo, and umber. 

The beft fort of Indian ink is of a bluifh 
black, foft, and eafily reduced into a liquid, 

, free from fand or gravel : it is fold in flicks 
from three pence a flick to half a crown, ac- 
cording to its goodnefs and quantity. 

The manner of liquefying it is by putting 
a little clear water into a fhell or tea-cup, 
and rubbing it gently till the water is black, 
and of a confiflence much like common ink; 
when it is ufed for drawing lines, it mufl be 
made very black, though not too thick, other- 
wife it will not eafily flow out of the drawing 
pen : but when it is for (hading, it muft be 
pale, fo as to go over the fame (hade feveral 
times, which will make it look much finer 
and fofter than if it was done at once. 

Carmine 
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Carmine is in powder^ and the fined red 

_ we know of ; it ferves for colouring the fee-* 

tions of mafonry^ the plans of houfes^ and 

other buildings ; as likewife their elevations^ 

but is then made of a paler colour. 

This colour is alfo ufed for drawing red 
lines in plans, to reprefent walls l it is very 
dear, being generally a guinea an ounce^ but 
/ a little goes a great way. 

The verdegreafe ufed in drawings, which 
is commonly czlltd Jea-^green, is liquid, and 
fold in little vials for fix pence a-piece ; it 
ferves to colour wet ditches, rivers, ieas, and 
in general to reprefent all watry places. 

Sap-green is in ftonc, of a yellowifti green# 
when liquefied with clear water ; but when it 
is mixt with fpme fea-green, it makes a fin€ 
grafs-green i as all mixt colours are liable to 
fade, if venfiris can be had, it will be much 
better ; fap-green is very cheap, for two or 
three pence, one may have as much as will 
ferve a great while« 

Gum-bouch is a fine yellow in (lones, 
and very cheap ; it ferves to colour all pro* 
jeds of works; as likewife to diftinguiih 
the works unfinifhed from thofe that are fo. 
It ferves alfo to colour the trenches of an 
* attack. 

This 
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This colour is prepared, by taking water 
ill a hair pencil, and rubbing it gently, then 
putting it in a (hell, and this is repeated till 
the dolour is as ftrong as is neceflary. 

Indigo is in fmall cakes, and very cheap ; 
it ferves to colour iron and roofs of buildings, 
which arc covered with flates : it rnuft be 
well ground upon a fmooth ftone or glafs, • 
and then mixt with a little gum-water. 

If the fea-green is too pale, by mixing 
a little indigo with it^ it will make a fine 
bluifti colour. 

'Umber is a yellowifli brown colour In 
powder; when it is mixt with gum- water, 
, it ferves to colour dry ditches, fand, and all 
things of earth. By mixing a little red ink 
with it, it will alfo make a wood colour. If 
fome tobacco leaves iare fteept In clear water 
for fome hours, and filtered through a wool- 
len cloth, or brown paper, with a little red 
ink mixt in it, it makes the beft earth or wood 
colours, as lying fmoother than any other. 

In drawing encampments, it is neceflary 
to have a fine blue, to reprefent the colour 
of blue cloth ; fmalt^ fold in fliells for about 
a groat a- piece, is very good for that purpofe, 
or elfe PruJJtan blue^ well grotind and mixt 
with a little gum*water« 

C • Gum- 
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Gum- water is beft when it is made fome 
time before it is ufed; for which reafon, 
tak« fome gum-arabic, and fteep it in clear 
water for fome hours till it is difTolved; 
then flrain it through a woollen cloth or 
brown paper, and prefervc it in a vial, well 
flopped, that no dirt can come into it, till 
it is wanted. 



SECTION IL 

Of regular Fortification. 

Fortification, is the art of inclofing town« 
with works in fuch a manner, a^ that 
a fmall number of men may refifl:, for fome 
time, a confiderable army. 

The attack of a place, is the art of making 
and conducting all the different works in a 
iiege, in order to become matter of the place. 

And the defence of a place, is the art 
of defending a town befiegcd, with all the 
advantages that the fortification will admit 
of. 

The art of fortification may be diftin- 
guilhed into two parts, ^oiz. the elementary 
or theoretical^ and practical. 

The 
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Thc^lciricntary part confifts in teaching the 
j>lahs and profiles of a fortification on paper^ 
with fcales arid compafiTes i and to examine 
the fyftems propofcd by different authors^ 
in order to difcovef their advantages and dif- 
advantages. 

And the pradical part confifls in forming 
a projed of a fortification, according to the 
nature of the ground and other neceifary cir« 
cumflanceSf to trace it on the ground, and 
to execute the projedk, together v^lth all the 
military buildings, fuch as magazines^ Aore* 
houfes, bridges, &C4 

It is the elementary patt which we propofe 
to treat of in this work, refcrving the other 
for a fecond volume, which we (hall divide 
into regular and irregular fortification ; but 
before we enter any farther upon the fubjed, 
it will not be difagreeable to beginners to fay 
fomething concerning fhe rife and progrefs 
of fortification. 

The origin and rife of fortification is un- 
doubtedly owing to the degeneracy of man- 
kind ; for in the firft'ages of the world, men 
were difperfed up and down the countries in 
feparate families, as we are told in the hiflo-- 
ries of the Jews and Scythians, who wandered 
from one place to another for the fake of fiiid^ 

C 2 ing 
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irtg pafture for their cattle. Thefe familiea 
became in time fo numerous as to form large 
communities, which fettled all together in a 
place ; from whence villages and towns had 
their origin and rife : but they found it was 
ncceffary, for the common fecurity, to fur*? 
round thofe towns with walls and ditches, 
to prevent all violences, and fudden fur frizes 
from their neighbours. This was fufficient 
' for fome timc^ till ofFenfive weapons vverc 
invented, and conquering became a fafhipn i 
then walls with loop-holes were made at pro- 
per diftances, in order to fcreen the defenders 
againft the arrows of the affailants; but find- 
ing that as foon as the enemy gdt once clofe 
to the Walls, they could from no part be dif- 
co^^ered or repulfed ; for this rcafon they 
added fcjuare towers at proper diftances from 
«ach other, fo that every part of the wall 
might be defended by the adjacent-fides of the 
towers. However, this manner of inclofing 
of towns was found to be impcrfedl, becaufc 
there remained ftill one of the faces of the 
towers Avhich fronted the field that could not 
be feen from any other part, and therefore 
could not be defended. To remedy this, 
they made the towers round inftead of fquare, 
imagining this figure to be the ftrongeft to refift 

the 
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thcl)attcring engines, as likcwife to be better 
defended from the other parts of the wall. 

Notwithftanding the fuperiority of thiis 
method above the former, there remained yet 
a part of thefe towers unfeen and uncapable 
to be defended j which made them change 
the figure of the towers again ; that is, they 
made them fquares as before j but inftcad of 
prefenting a face to the field as formerly, 
they prcfented an angle ; by this means they 
efFedually found out fuch a difpofition of 
their works, that no part could be attacked 
without being feen or defended by fomc 
other part. 

This laft method was in ufe a long while, 
and would in all appearance have continued 
to this day, if gunpowder had not been found 
out : but the violence of the guns and mor- 
tars foon convinced the world, that fuch 
towers and walls were but a weak defence 
againft thefe thundering engines; and befides, 
as the nature of the attack was entirely 
changed, it was alfo neceffary to change that 
of fortifying like wife. 

From that time, ramparts were added to 
the walls, the towers enlarged into baftions, 
and all forts of outworks have been added, 
fuch as ravelins, counterguards, horn and 

C 3 crown* 
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crowft-works, and others of the like naturot 
in order to render the defence in fomc mca- 
fnre equivalent p the attack. 

Notwithilanding all the iniproveqientf 
which have been made in the art of fortifying 
£nce the invention of gpnpowder^ that of 
attacking is ftill fqperior to it. Engineers 
have tried in vain to render the advantages of 
a fortification equal to thofe of the attack : 
the fuperiority of the befiegers fire^ together 
with the greater number pf men, obliges gc-» 
nerally, fooner or later, the beficged to fubmit. 

The greateft improvement made in the art 
of attacking happened in the year 1697, when 
M. Vaubari made firftufepf ricochet firing at 
the ficge ofAth, whereby the befiegedj, placed 
behind the parapets, were as much expofed to 
the fire of the befiegers, as if there, had been 
none y whereas before, they had been fecur^ 
as long as the parapet was not demoIiOied ; 
and the worfl is, that there can be no remedy 
found to prevent this enfilading, without 
falling into inconyeniencies almoft as bad as 
thofe which we endeavour to avoid. 

Although authors agree as to the general 
form in the prefent manner of fortifying, yet 
they moftly differ in particular conftrudions 
of the parts : as it would be both needlefs 

and 
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and fupcrfluous to treat of all the different 
methods hitherto propofed, we (hall content 
ourfelves with explaining thofe only, which 
arc moft cftcemed by the beft judges, and 
have b?en tnoftly put in pradicc ; with add- 
ing obfervations on their perfedion^ and im- 
perfeAions, and point out how fohie of the 
parts may be improved. 

As M, Vauban had more experience than 
any other enginfeer whatfocvef, and his me- 
thods arc moftly ufed all over Europei w€ 
prefume it will be more advantageous to 
beginners to explain his methods firft ; and 
then thofe of Mr. Coeborn^ who, next to 
M. Vauban^ excelled in this art. 

M.Vaubanh^sgwtn three different methods; 
the firft is that which has been ufed in the 
fortify ingof moft places; thefecond was ufed 
at Landau and Beford, chiefly defigned for 
places which have a wall or rampart already; 
and the third has been applied in the fortify- 
ing of New Brifach ; each of thefe methods 
will be treated of fcparately, in their order. 

ConflruSiion of M. Va u b a nV fr^ 
Method. 
This method is divided into little, mean, 
and great ; the little is chiefly ufed in the 

C 4 con- 
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conftruftion of citadels, the mean in that of 
all forts of towns, and the great in particu- 
lar cafes only. 

We (hall give the conftruftion of the 
mean, as beipg moft ufeful, and refer the 
reader to the table hereafter, for thofe di- 
menfions which are different in thefe feveral 
fortifications. 
Plate L Inftribe in a circle a polygon of as many 
^^' ** fides as the fortification is defigned to have 
fronts ; let AB be one of the fides of half an 
pxagon, which bifedt by the perpendicular 
CD 5' divide half AC of It into nine equal 
parts, and one of thefe into ten others; then 
thefe divifions willferve as afcale to conftrudl 
all the parts pf the fortification, and each of 
theni is fuppofed to be a toife or fathom, that 
is, fix French feet ; and therefore the whole 
fide AB is fuppofed' to be 180 toifes, '^^* 
' As the dividing a line into fo many equal 
parts, is troublefome and tedious, it is niore 
convenient to have a fcale of equal parts, by 
which the works may be conftruded. 

If therefore, in this cafe, the radius is taken 
equal to 1 80 toifes, and the circle defcribed 
with that radius being divided into fix equal 
parts, Cr flie radius being; carried fix times 
round, you will have an exagon infcribed ; 
' \' AB 
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AB being bif^dted by the perpendicular CD 
as before, fet off 30 toifcs from C to D/and 
draw the indefinite lines ADG, BI)F, in 
which take the parts AE, BH, each equal to 
50 toifes ; from the center E dcfcribe an arc 
through the point H, meeting AD in G, and 
from the center H dcfcribe an arc through 
the point E, meeting BD in F ; or which 
is the fame, make each of the lines EG, HF, 
equal to the diftance EH; then the lines 
joining the points A, E, F, G, H, B, will be 
the principal or outline of the front. 

If the fame conftruftion be performed 
on the other fides of the polygon, you will 
have the principal or outline of the whole 
fortification. 

If, with a radius of 20 toifes, there be 
defcribed circular arcs, from the angular 
points B, A, MJ T, and lines are drawn from 
the oppofite angles E, H, &c. fo as to touch 
thefe arcs, their parts a b, be, &c. together 
with thefe arcs, will reprefent the outline 
of the ditch. 

N. B. In any other polygon, befides the 
cxagon, the radius cannot be equal to 180 
tpifes ; and in that cafe the radius mufl be 
found, fo as to anfwer to a given fide of 189 
toifes, by Problem 14. 

De- 
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Definitions. 

!• The part FEALN, is called the baftion. 

2. AE, AL, xht faces of the baftion. 

3. EF, LN, tht flanks. 

4. FG, the curtain. 

5. FN, the gorge of the baftion. 

6. AG, BF, the lines of defence. 

7. AB, \\iQ exterior flde of the polygon. 

8. CD, the perpendicular. 

9. Any line which divides a work into two 
equal parts, is called the capital of thzt worE. 

10. abc, the counterfcarp of the ditch. 

1 1 . A,M, th^ flanked angles. 

12. H,E,)L, the angles of the Jhoulder^ 
f>vfl:>oulderqvAy. 

13. G,F,N, the ^^^/^J" of the ^^;7>^. 

14. Any angle whofe poin^t turns from the 
place, is called zf(iliant angle ^ fuch as A,M j 
and any angle whofe point turns towards thp 
place, re-entering angle^ fuch as b,F,N. 

15. If there be drawn two lines parallel 
to the principal or outline, the one at 3 tpifcs 
diftance, and the other at 8 from it ; then 
the fpace yx included between the principal 
ohe, and that fartheft diftant, is called the 
rampart. 

' And 
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And the fpace xx, contained by the prin« 
jcipal line, and that next to it, and which is 
generally flained black, is called tht parapet ^ 

i6. There is a fine line drawn within 
four feet of the parapet, which exprefles a 
fiep called banquettci 

N. B. A]} works have a parapet of three 
Joifes thickn and a rampart of 8 to lo, be- 
fides their flopes. The rampart is elevated 
more or Jefs aboye the level of the place, 
from ID to 20 feet, according as the nature 
pf the ground is, and according to the par- 
ticular conftruftions of engineers. 

The parapet is a part of the rampart ele- 
yated from 6 to 7^ feet above the reft, in 
order to coyer the troops, which are drawn ' 
up there, from the fire of the enemy in a 
fiege ; and the bancjuette is two or three feet 
higher than the rampart, or about four feet 
lower than the parapet ; fo that when the 
troops ftand upon it, ithey may juft be able 
to fire oyer the parapet. 

17: The b^bdy of the place, is all that . 
which is corttaincd within this firft rampart ; 
for which reafon, it is often faid to conftrudt 
the body of the place ; which means pro- 
perly, the conftrud:ion of the baftions and 
curtains. 

iS.Ali 



Digitized by 



Googk 



t? THE ELEMENTS 

1 8. All the works which arc conftrufted 
beyond the ditch, before the body of the 
place, are called outworks. 
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In the firft vertical column are the num- 
bers expreffing the lengths of the exterior 
fides from 8o to 260. 

In 
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OF FORTIFICATION, 29 

In the fecond, the perpendiculars anfwer- * 
ing to thefe fides. < 

In the third, the lengths of the faces of 
the bailions ; and in the fourth, the lengths* 
of the capitals of the ravelins. 

The forts are moftly, if not always, fquares, 
for which reafon, the perpendiculars are made 
one eighth of the exterior fides; becaufc, if 
they were more, the gorges of the bafl:ions 
would become too narrow. 

The little fortification, is chiefly dcfigned 
for citadels, and are commonly pentagons j 
the perpendiculars are made one feventh of 
the exterior fide ; . the mean is ufed in all 
kinds of fortifications, from an exagon up- 
wards to any number of fides ; and the great 
is feldom ufed but in an irregular fortifica* 
tion, where there arc fome fides that cannot 
be made lefs without much expence j or in 
a town which lies near a great river, where 
the fide next the river is made from 200 
to 260 toifes ; and as that fide is lefs expofed 
to be attacked than any other, the perpen- 
dicular is made (horter, which faves much 
expence. 

The faces of the baftions arc all ^ths of 
the exterior fides, pr nearly fo, becaufe cl;ic 
fraftions are negledtcd. 

It 
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' It may be obfcrved in general, that in all 
fquares the perpendicular is fth pf the cxte* 
rior fide, in all pentagons ^tbi and in all the 
reft upwards ith. 

ConJiruBion of Onllons and retired 
Flanks. 

Defcribe the front MPQRST as before, 
and divide the flank into three equal parts, 
of which fuppofe S r to be one : from the 
cppofite flanked angle M, draw a line M r, 
in which take the part m r of 5 toifes; take 
likewife Rn in the line of defence MR, 
produced, cqud to 5 toifes, and join n m, 
upon which as a bafe defcribe the equilateral 
triangle npm, and from the angle p, oppo- 
lite; to the bafe as center, is defcribed the 
circular flank, n m. 

And if S r be bifedled by the perpendicu- 
lar, I, 2, and another be ercded upon the 
face ST, at S ; the interfeftion 2 of thefc 
two perpendiculai;s, will be the center of the 
arc which forms the orillon. 

The orillon s are very ufeful in covering 
the retired flanks, which cannot be feen but 
diredHy in the front ; and as thqfe orillons 
arc rbund, they cannot be fo eafily dcftroycd 

as 
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as they would be, if they were of any other 
figure. But for what reafon the retired 
flanks are made of fuch circular arcs as thefe^ 
is not poflible to be gueft at ; fince it inay 
cafily be proved, as we fhall do in the third 
feftion, that the flank made upon the chord 
of that arc would be much better, and is at 
the fame time of lefs expence. 

But what is more flrange, that mod en« 
gineers look upon thefe flanks as the befl 
that could have been thought of, and they 
ufe them in all fortifications, which they 
propofe as the befl models : there can be 
given no other reafon of this opinion, thaa 
the unaccountable fancy, of mankind in ge- 
neral, for novelty; and their indolence to 
receive from others, things for true^ rather 
than to inquire whether they be fo or not. 

ConfiruSiion of Ravelins or Half- moons. 

Set off 5o.toifes, from the re-entering angle Fig, 1. 
O of the counterfcarp, on the capital OL of 
the ravelrti,oron the perpendicular produced, 
and from the point L draw lines to the 
ihoulders A, B; whofe parts LM, LN, ter- 
minated by the counterfcarp, will be the faces 
MO, ON, the femi-gorges of the ravelin re- 
quired. This 
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This is M, Vaubans method of conftritiSk- 
ing ravelins, according to fome authors; and 
others will have thd faces of the ravelin to 
tcrii^inatd oh thofe of the baftions within 3 
toifes of the fhoulders; which feenis to be 
the bcft way /for the ravelins cover the flanks 
much better than the others* 
"- The ditch before the ravelin is 1 2 toifeS| 
itscounterfcarp parallel to the faces of the 
ravelins, arid is made in a circular arc, before 
the faliant angle ; as likswife all ditches are 
in general. 

When the ravelins are mide with flanks, 
as iti figure 3, the faces fhould terminate of 
thofe of the baftions, at leaft 5 toifes from 
the fhoulders. 

The flanks are made by fetting of 10 toifes 
from the extremities of the faces, from f toh, 
and from m to 1, and from tbe points h, \, 
the flanks h k, 1 p, are drawn parallel to the 
capital LO of the ravelin. 

There are fometimes redoubts made in the 
ravelin, fuch as in fig. 2. which is done by fet- 
ting of 16 toifes from the extremities of th^ 
faces on 4thefemi-gorges from N to b, and from 
M to a; and from the points b, a, thefaces 
arc drawn parallel to thofe of the ravelin : the 
ditch before this redoubt is 6 toifes, and its 
counterfcarp parallel to the faces^ Con^ 
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OF FORTIFICATION. ^ 33 

ConftruEiion of Tenailles. 

A tcnallle is a work made in the ditch ^!^^* ^^' 
before the curtains, the parapet of which is 
only 2 or 3 feet higher than the level ground 
of the ravelin. There are three different 
forts ; the firft are thofe as in fig. i, which 
are made in the diredion of the lines of de- 
fence, leaving a paflagc of 3 toifes be- 
tween their extremities and the flanks of the 
baflions, as likewife another of 2 in the 
middle for a bridge of communication to the 
ravelin. 

The fecond fort, are thofe as in fig. 2. ; 
their faces are in the lines of defences, and 
16 toifes long, befides the paflage of 3 toifes 
between them and the flanks of the baftions ; 
their flanks arc found by defcribing arcs from 
one fhouldei' of the tenaille as center through 
the other, on which are fet off 10 toifes for . 
the flanks defired. 

And the third fort, are thofe as in fig. 3 j 
their faces are 16 toifes, as in the fecdnd fort, 
and the flanks are parallel to thofe of the 
baflions. 

The ufe in general of tenailles, is to de- 
fend the bottom of the ditch by a grazing 
D fire^ 
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fire, 'as likewife the level groun^ of the ra- 
velin, and efpecially the ditch before the re- 
doubt within the ravelin, which can be de- 
fended from no where elfe, fo well as from 
them. 

The firft fort do not defend the ditch fo 
well as the others, as being too oblique a 
defence ; but as they are not fubjcft to be 
enfiladed, M. Vauban has generally pre- 
ferred them in the fortifying of places, as 
may be feen in the citadel of htlle^ at itf/z- 
dauy New BrjfacA, and in a great many 
other places. 

The fecond fort defend the ditch much 
better than the firft, and add a low flank to 
thofe of the baftions ; but as thefe flanks arc 
liable to be enfiladed, they have not been 
much put in pradice. This defed might 
however be remedied, by making them fo, 
as to be covered by the extremities of the 
parapets of the oppofite ravelins, or by fomc 
Other work. 

As to the third fort, they have the fame 
advantage as the fecond, arid are likewife 
liable to the fame objediojis ; for which 
reafon they may be ufcd with the fame pre- 
cautions, which have been mentioned in the 
fecond. 

Tenailics 
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Tenailles ar6 efteemed fo neceflary, that 
there is hardly any place fortified without 
them^ and it is not without reafon; for when » 
the'ditch is dry, the part behind the tenailles 
ferves as ^ place of arms, from which the 
troops may fally, deftroy the works of the 
enemy in the ditch, oppofe their defcent, and 
retire with fafety j and the communication 
from the body of the place to the ravelin 
becomes ea(y and fecure, which is a great 
advantage; for by that means the ravelin 
may make a much better defence, as it can 
be fupplied with troops and neceffaries at any 
time. A,nd if the ditch is wet, they ferve 
as harbours for boats, which may carry out 
armed men to oppofe the paiTage oyer the 
ditch whenever they pleafe ; and the com- 
munication from the tenailles to the ravelin, 
becpmes likewife much eafier than it would 
be without them. 

ConfiruBkn of Lunettes. 

Lunettes are placed on both fides of the p-^^ . 
ravelin, fucha&B, to increafe the ftrength 
of a place; they are conftrufted, by bifeding 
the faces of the ravelin with the perpendicular 
LN, on which is fet off 30 toifes from the 
D 2 * coun- 
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counterfcarp of the ditch, for one of its faces ; 
the other face PN, is found by making the 
fcmi-gorge TP of 25 tpifes j the ditch* be- 
fore the lunettes is 12 toifes, the parapet 3, 
and the rampart 8 ; as iB the ravelin/ 

There i$ fometimes another work made to 
cover the faliant angle of the ravelin, fuchas A, 
called Bonnet 9 v\thofe faces are parallel to thofe 
of the ravelin, and when produced bifcdt thofe 
of the lunettes; the ditch before it is lotoifes* 
fig. S* There are likewifc lunettes, fuch as D, in 
fig. 5, whofe faces are drawn perpendicular 
to thofe of the ravelin, within a third part 
from the faliant angle -, and their femi-gorges 
are only 20 toifes. 

Thefe kind df works may make a good 
defence, and are no very great expence; 
for as they are fo near the ravelin, the com- 
munication with it is very eafy, and one 
cannot well be maintained, till they are all 
three taken. 

I would have the face PN (fig. B) per- 
pendicular to that of the baftion, which 
would then defend it in a direct manner 1 
and if the fcmi-gorges of the bonnet A were 
only 7 or 8 toifes, it would become lefs cx- 
penfive, and its ditch and the covert- way 
before it would be better defended by the 
lunettes. C^/r- 
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ConftruEiion of Tenaillons. 



37 



Produce the faces of the ravelin beyond pig. 6, 
the counterfcarp of the ditch, at a diftance 
MN of 30 toifes, and take on the counter- 
fcarp of the great ditch, 15 toifes from the 
re-entering angle p to q, and draw Nq; then 
qNMp will be the tenaillon required; its 
ditch is 12 toifes, that is, the fame as that 
of the ravelin. Sometimes there is made a 
retired battery, in the front of the tenaillons, 
as in fig. B^ this battery is 10 toifes from the. 
front to which it is parallel, and 1 5 toifes long. 

There are commonly retrenchments made 
in the tenaillons, fuch as O ; their parapets 
are parallel to the fronts MN, or rather per- 
pendicular to the fide Nq, and bifeft the 
fide qN ; the ditch before this retrenchment* 
is 3 toifes, and there is a banquette before 
the parapet, next to the ditch, of about 8 feet, 
called Berm i it ferves to prevent the earth 
of the parapet (which feldom has any re- 
vetement) from falling into the ditch. 

It is to be obferved, that the ravelin, be- 
fore which tenaillons are conftrudled, muil 
have its faliant angle much greater than the 
former conftrudion makes them j otherwife 
D 3 thQ 
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the faliant angles of the tenaillons become 
too acute, for which reafon we made the 
capital of this ravelin 45 toifes, and the faces 
terminate within 3 toifes of the (houlders. 

ConJiruBion of Counterguards. 

Plate III. When the counterguard is placed before 
^g* '* *• the ravelin, fet off 40 toifes on the capital 
of the ravelin from the faliant angle A, to 
the faliant angle B, of the counterguard ; 
and 10 from C to D, on the counterfcarp 
of the ditch. 

When the counterguard is before the 

baftion, fuch as in fig. 2, its faliant angle F 

is 50 toifes from the faliant angle E of the 

« baft ion, and the breadth near the ditch of the 

ravelin is 10 toifes as before. 

The ditch before the counferguards is 12 
toifes, and ita counterfcarp parallel to the 
faces. 

Counterguards are made before the ravelin^ 
in fome particular occafions only, but arc 
frequently conftrudted before the baftions ; 
as covering the flanks wonderfijlly well. 
Some authors, as Blonde^ and M, Coehorn^ 
will have them much narrowerjhan they arc 
here, 

Con^ 
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ConJlruEiion iff Hornworks. 

Produce th€ capital of the ravelin beyond ^'g- 1* 
the faliant angle A, at a diftance AB of 
about 80 toifes; draw DBE, at right angles 
to AB ; in which take BD, BE^ each equal 
to 55 toifes ; and on the exterior fide DE, 
trace a front of a polygon in the fame 
manner as that of the body of the place, 
making the perpendicular BF 18 toifes ; 
and the faces 30, 

^he branches Da, Eb, of the hornwork, 
when produced, terminate on the faces of the 
baftions, within 5 toifes of the (boulders. 
The ditch of th^ hornwork is 12 toifes, and . 
its counterfcarp parallel to the branches ; 
and in the front terminates at the (boulders, 
in the fame manner as the great ditch before 
the ba(lions^ 

Th€ capital of the ravelin before the front 
of the hornwork is 35 toifes, and the faces 
terminate on the (boulders, or rather 2 or 
3 toifes beyond them 1 and the ditch before 
the ravelin is 8 toifes. 

There are fometimes retrenchments made 

within the hornwork, fuch as S, S ; which 

are conftrudled by eredling perpendiculars to 

. D 4 the 
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the faces of the ravelins, within 25 toifcs of 
their extremities. This retrenchment, like 
all others*, has a parapet turfed only with a 
berm of 8 feet before it ; as likewife a ditch 
from 3 to 5 toifcs broad. 
Fig. 4. When a hornwork is made before the 
badion ; the diftance DL, of the front froni 
the faliant. angle of the baftion, is 100 toifes ; 
and the branches terminate on the faces of the 
adjacent ravelins within 5 toifes from their 
extremities ; all the reft the fame as before. 

ConfiruEiion of Crownworks. 

Plate iVr From the faliant angle A of the ravelin, as 
'^* *' • a center, defcribe an arc of a circle with a ra- 
dius of about 120 toifes, cutting the capital of 
the ravelin produced at C ; from the point C 
fet off the cords CB, CF, each of them equal 
to 1 1 o toifes, and on each of which^ as an 
exterior fide, conftrudt a front of a polygon 
of the fame dimenfions as in'the hornwork; 
that is> the perpendicular (hould be 18 toifes^ 
the faces 30, and the branches terminate on 
the faces of the baftions, within 25 toifes 
of the flioulders. 

The ditch is 1 2 toifes, the capital of the 
ravelin 35, and its ditch 8; that is, the fame 
as in the hornwork. Some* 
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Sometimes the crown work is made before p. ^^ 
the baftion, as in fig. 2 ; the arc is defcribed 
from the faliant angle A, of the baftion, 
with a radius of 120 toifes^ as before^ and 
the branches terminate on the faces of the 
adjacent ravelins, within 25 toifes of their 
extremities ; the reft of the dimenfions and 
conftrud^ions are the fame as before. 

Hornworksy as well as crownworks, are 
never madc^ but when a large fpot of ground 
falls beyond the fortification, which might be 
advantageous to an eilemy in a fiege, or to 
cover fome gate or entrance into a town ; 
they have notwithftanding been ufed without 
judgment in ieveral places, as at Tournay^ 
Ipres^tcc. Their ad vantages and difadvantages 
fhall be fully difcuHed in the third fe<%ion. 

ConJiruEiion of Covert-way^ and 
Glacis. 

Although we have not hitherto mentioned 
the covert- way, neverthclefs, all fortifica- 
tions whatfoever have one ; for they are 
efteemed to be one of the moft effential 
parts of a modern fortification i and it is 
certain, th€ taking the covert-way, when it 
is in good condition and well defended, is 

generally 
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generally- the moft bloody adlion of the 
fiegc. 
Plate V. After having conftrudled the body of the 
place, an^ all the outworks which are thought 
ncceffary, lines are drawn parallel to the out- 
moft counteifcarps of the ditches, at 6 toifcs 
diftant from it; and the fpace mnmn, in- 
cluded between that lineand the counterfcarp,- 
will be the covert-way required^ 

There is iri every re-entering angle of the 
counterfcarp a place of arms, mj which is 
found by fetting off '20 toifes from the re- 
entering angle a, on both fides from a to b, 
and from a to c ; and from the points b, c, 
as centers, arcs are defcribcd with a radius 
of 25 toifes, fo as to interfe(fl each other in d ; 
then the lines drawn from this interfeftion 
to the points b, c, will be the faces of the 
places of arms. 

If lines are drawn, parallel to the lines 
which terminate thj covert-way, and the 
places of arms, at 20 toiies diftant from 
them, the fpace x,x,x, between thefe lines 
and thofe which terminate the covert-way, 
will be the glacis. 

At the extremities of the places of arms, 
are traverfes made, fuch as v,v, which ferve 
to inclofe them j thefe traverfes are 3 toifes 

thick, 
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thicks and as long as the covert-way is broadt 
and a paiTage is cut in the glacis roand thenit 
of about 6 or 8 feet, in order to have a fr^e 
communication vs^ith the reft of the covert- 
viray. 

There are alfo traverfes of the fame iU 
menfions before every faliant angle of the 
baflion and outworks, and are in the fame 
direction of the faces pf thole works pro- 
duced; and the thicknefs lies at the fame 
fide as the parapets,- 

The paflages round thefe laft traverfes are 
likewife from 6 to 8 feet wide« 

In each place of arms are two fally-ports 
z, z, which are I o or 12 feet wide, for the 
troops to fally out ; in time of a fiege they 
are fhut up, with barriers or gates. 

ConJlruSiion of Arrows y, and detached 
Redoubts. 

An arrow is a work made before the 
faliant angles of the glacis, fuch as A j it is 
compofed of a parapet of 3 toifes thick, and 
40 long, and the ditch before it 5 toifes^ 
terminating in a flope at both ends. The 
communication from the covert-way into 
thefe arrows, is 4 or 5 toifes wide> and 

there 
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there Is a travcrfe r at the entrance of 3 
toifes thick, with a paflage of 6 or 8 feet 
round it. 

A detached redoubt is a kind of work much 
like a ravelin, with flanks, placed beyond the 
glacis, fuch as fig. B; they are made in order 
to occupy fome fpot of ground which might 
be advantageous to the befiegers^ likcwife to 
oblige the enemy to open their trenches far- 
ther off than they would do otherwife. 

Their diftance from the covert- way ought 
t\ot to exceed 120 toifes, that it may be de- 
fended by mufket-fhot from thence. 

The gorge a b is 40 toifes, the flanks ac, 
bf, which are perpendicular to the gorge, 10, 
and the faces cd, fd, 30; the ditch before 
it is 6 toifes, ending in flopes at both ends ; 
the covert- way 4; the branches of the covert- 
way are 42 toifes long, or thereabouts ; the 
faces of the places of arms y, y, which are 
perpendicular to the branches, 10; and the 
other, which is parallel to them, 14. 

The communication from the covert- way 
into the redoubt, is 5 or 6 toifes 'wide ; and 
there is a traverfc madejuft at the entrance; 
and another in the middle, when it is pretty 
long. The parapets of this communication 
terminate in a flope or glacis. 

If 
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If thefe redoubts are above 50 toifcs diftant 
from the covert- way, the befiegcrs carry their 
trenches round, and enter through the gorge j 
by which the troops that are in them are made 
prifoners of war, if they do not retire be-, 
times : to prevent this, fome other outworks 
ifhould be made to fupport them. 

ConJiruEiion of fecond Ditches^ and 
Covert-ways. 

When the ground is low, and water to be Plate YI. 
found, there is often a ditch of about 10 or 
12 toifes made round the glacis; and op- 
pofite to the places of arms are conftrudted 
lunettes, beyond the ditch, fuch as D, 
whofe breadth on the counterfcarp of the 
ditch is 10 toifes, from b to a, and from c 
to d, and the faces aL, dL, are parallel to 
thofe of the places of arms ; the ditch before 
them is from 8 to 10 toifes wide. 

The fecond covert-way is 4 toifes, the 
fcmi-gorges of the places of arms m about 
15, and the faces perpendicular to the coun- 
terfcarp \ the fecond glacis is from 1 5 to 1 8 
toifes broad. 

This fecond covert- way has traverfes every 
where^ in the fame manner as the firH* 

Thefe 
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Thefc arc nearly all the different outworks, 
which are ufed now-a-days, in the con- 
ftruftion of places : although they are gene- 
rally ranked among M. Vauban% works, 
yet none are of his invention, except the 
conftrudion of the body of the pkce, and 
the circular flanks j for all the reft are to be 
met with in tiilichirCs Feribologia^ printed at 
Frankfordin 1640 : and it may be obferved, 
that M. Vauban has diiefly copied this au- 
thor, as Coeborn did Spekel. 

ConfiruEiion of Profiles. 

PhtcVII. A profile is the rcprefentation of a vertical 
fedion of a work ; it ferves to (hew thofe 
dimenfions which cannot be reprefented in 
j)lans, and are neceffary in the building of a 
fortification 5 they are generally conftruded 
upon a fcale of 30 feet to an inch. \t would 
be needlefs to defcrlbe all their particular 
dimenfions, fince they are marked in the 
fchemes ; we fhall therefore lay down the 
principal rules only, given by M. Vauban, 
on this fubjeft. 

I. Every work ought to be at leaft 6 feet 
higher than that before it, fo that it may 
command thofe before it; that is, that the 

garrhon 
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OF FORTIFICATION. 47 

garrifoit may fire from all the works at the 
fame time, with great and fmall arms, at 
the bcfiegers in their approaches : notwith-* 
ftanding this fpecious pretence, there are 
fcveral authors, who obje<ft againft it. For 
they fay, if you can difcover the enemy from 
all the works, they can difcover by the fame 
reafon all the works from their batteries ; fo 
that they may deftroy them, without being 
obliged to change their fituation, and thereby 
difmount all the guns of the place before 
they come near it. 

But if all the works were of the fame 
height^ thofe within cannot be deftroyed, 
tin fuch time that thofe before them arc 
taken ; guns might be placed in the covert- 
way and outworks, to obftru6t the enemy's 
approach, and when they come near the 
place, they might be tranfported into the 
inner works ; and as the body of the place 
would be much lower, the cxpence would 
be confiderably dimini(hed. 

But when works are lower, they are eafily 
enfiladed by the ricochet batteries, which is 
a kind of firing, with a fmall quantity of v 
powder, by giving the gun an elevation of 
10 or 12 degrees : this might, however, be 
partly prevented, by making the parapet* 

near 
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near the faliant angles^ for the fpace of 8 
toifes on each (ide^ five or fix feet higher than 
the reft of the works. 

2. The covert- way (hould be lower than 
the level ground, otherwife the body of the 
place muft be raifed very high, efpecially 
when there are feveral outworks ; this is to 
be underftood only when the works exceed 
each other in height, otherwife it need not 
be below the level. . 

3. The bafes of all inward dopes of earth 
fhould be at lead equal to the height, if not 
more. 

4. The bafes of all outward flop'es of earth 
two thirds of their heights. 

. 5. The flopes of all walls or revetements 
fhould be one fifth of their height ; but one 
iixth would be fufHcient in my opiniqn ; the 
height of a wall is eflimated from the bot- 
tom of the ditch, and ^not from the begin- 
ning of its foundation. 

6. The flopes of all parapets and traverfes 
are one fixth of their breadth 5 that is, 3 feet 
towards the field, or the infide, where the 
banquettes (hould be, three feet higher thaa 
the outfide. . ' 

7. When the rcvetement of a rampart goes 
quite up to the top, 4 feet of the upper part 

is 
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is a Vertical wall of three feet thick, with a 
fquare ftone at the top of it, projefting fix 
llichcs, and a circular one below, or/ where 
the flope begins, of 8 or lo inches diameter ; 
they go quite round the rampart, and^ the 
circular projedion is called the Cordon. 

Where the ftraight part of the wall ends, 
arid the flope begins, the wall is always made 
five feet thick; and the counterforts or but- 
trefles reach no higher than that place. 
♦ 8. When the rampart is partly walled and 
partly turfed, then one fifth of the height 
Ivhich is turfed tnuft be added to five feet^ 
to get the thicknqfs of the wall above. 

And having the thicknefs of any. wall 
above, by adding one fifth of its height from 
the bottom of the ditch, the rMm;Will be the 
thicknefs of the wail-at the bottom* ; but if 
a fi\ih partis only taken for the flope,; then 
a fixth part muft be added. ' 

For inftance, fuppofc a rannpart of 30 feet 
high from the bottom of the ditch, and that 
10 of which are to be^urfcd ; then the fifth 
part of 10,' which is 2, added to 5, gives 
7 for the wall above ; and as this wall is 20 
feet high, the fifth of which is 4, and 4 
added to the thicknefs 7 above, gives 1 1 for 
the thicknefs near the foundation. 

E The 
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I 

The feventh plate reprefents in tntlitacy 
perfpe<£live the profiles of the body of a place«^ 
the ravelin and covert-way, which gives ^ 
clear idea of what is meant by a profile ^ 
and from which thofe of all other works may 
be eafily conceived. 

M. Vauban gives in the following table the 
dimenfions of walls from lo to 80 feethighf 
from 10 to 10 feet. 



■ 

Height 
of the 

Will. 


Thick- 
ncft a- 
boVe« 


TWck- 
low. 


Diftaocw 

between 

thecen- 

tenoftiie 

coantcf 

forct. 


Diftiocet 
between 
the cen. 
tersofthe 
coanter- 
forts. 


Length 

of the 

counter- 

forttr 


Thick- 
thtw>U. 

3 . 


Thick- 
Mft at 

the other 
, tfld. 


1 


10 




7 


18 




4 


X i 


i 20 




9 


18 




6 


4 


2 : 8 


30 




It 


18 




8 


5 


3 i 4 


' 


40 




»3 


18 




10 


6 


4 : 


> 


50 




iS 


18 




12 


7 


♦ ;8 




60 


s^ 


>7 


18 




14 


8 


S ' 4 




70 


s 


»9 


18 




16 


9 


6 s 




80 


-1- 


21 


18 


*-LL- 


18 


10 


.6:8 





AU thefe nunibers are feet^ except in the 
laft column^ which, are feet and inches. 
M. Vauban adds, that when the (tone of 
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brickwork is very good, the thicknefs of the 
wall above may be reduced to 4t feet or 4 
only ; but when it is bad, it may be increafed 
to 51. feet, and fqmetimes more. 

That the counterforts at the faliant angles 
fhould be well braced or bound together. 

When the rataparts are partly turfed and 
partly walled, he makes the intervals between 
the centers of the counterforts but 15 feet ; 
but when they are walled quite up to the top, 
thefe diftanceS are 18 feet. 

Thefe djmenfions have been ufed* in thq 
conftrudions of a great many places, and the 
walls have never failed ; it may however be 
demonflrated that his low walls are teo 
ftrong, and the high ones too weak; but this 
fubjeift fhall be examined in the fecond book, 
where praflical fortification is treated of. 

As M; Vauban has conftruded the fore* 
going tables from practice and his own obfer- 
vations only, and not by the help of theopy, 
without which it is impoffible to arrive to 
any degree of perfedion ; the dimehfions 
contained th^in are moftly erroneous, which 
indeed appears by mere infpedion ; for that 
all walls of any heights (hould have the fame 
thicknefs at top, is contrary to fenie and 
reafon. Befides, he makes no didindion 

E a between 
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between ftone and brick walls, although ftones 
are fpecifically heavier than bricks, and con- 
fequently need not be made fo ftrong. For 
which reafon we have inferted tables for 
ftone and brick walls in the fecdnd volume 
of this work, which treats of the praftice 
of fortification, deduced from theory and 
the moft approved pradice, 

.ConftruBion of M. Vauban's fecond 
method^ with Tower-'bajiions^ ac- 
cording to the plans of Landau and 
Befford. 

This method is adapted to the fortifying 
of places built already ; for which reafon he 
begins his conftrudlion inwards, and fortifies 
outwards, contrary to his other methods, as 
being more convenient for thatpurpofc. 
Plat.VIll. * Let AB be the interior fide of an exagon 
<Jf 1 20 toifes, fome authors will have it 130, 
and fay that they are fo at Landau -, draw 
AC, BD, from the center through the ex- 
tremities of the fides : fet oflf 6 toifes from 
A to b, and from B to c ; through the points 
b and c, draw lines at right angles to AB ; 
from the point b fet off^ 6 toifes to f outwards, 
and 4 from bxto d inwards; and from the 

points 
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OF FORTIFICATION. i S3 

points f, d, draw perpendiculars /r, d h, to 
the capital AC; then if r E is made equal to 
rf, the point E will be the faliant angle pf the 
tower-baftion 5 and Efdn half that tower. 

If in the capitals, there be taken from the 
faliant angles of the tower-baftions, the di« 
fiances EC, FD, each of 40 toifes, the points 
C and D will be the faliant angles of the 
countcrguards before the towers : from the 
points C and D draw . the lines of defence 
Cc^ Db, to the points where the flanks of 
the towers cut the curtain; on which fet off 
56 toifcs for the faces of the countcrguards, 
the flanks are found as in the firfl method, 
and likewife the tenailles. 

The ditch before the faliant angles of the 
towers is 6 toifes> and its counterfcarp drawn 
to the extremities of the flanks of the counter- 
guards ; the right line which joins the ends 
of thefe flanks will determine the infide of 
the tenailles. 

The ditch before the countcrguards is 1 2 
toifes at the faliant angles, and the counter- 
fcarp is drawo to the oppofite flhoulders in 
the fame nianner as in the firft method/ 

The capital of the ravelin is 45 toifes, 

its faces, when produced, terminate on thofc 

of the countcrguards, .within 10 toifes of the 

E 3 flioul- 
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(bopldf rs 5 10 toife§ ^recut ofFfrom the facci 
hy the flanks which are parallel to the capi- 
tal as ufual. 

The ditch before the ravelin is lo toifes^ 
the covertrway 5, the fcmi-gorges of the 
places of arms 12, the faces 17, and the 
glacis 20. 

ConflruSikn of M. Yauhms third 
method^ according to the plan of 
New-Brifach. . . 

Plate IX. This method is applied to an oftagon, 
■whofe exterior fide AB is 180 toifes, the 
perpendicular CD 30 ; the faces AK, BL 
oi the count^rguards 60 : the flanks LN, 
KM are found by fetting oflf 2i toifes, as 
chords to the arcs defer ibed from the oppofite 
flbdulders as centers : from the extremities 
of the flanks a line is drawn, which will be 
parallel to the exterior fide AB^ meeting the 
capitals AE, BFj of thecounterguards at G 
^nd H J this line terminates the infide of the 
tenaille, as likewife the faliant angles <Ji H 
of the tower-baftions. 

If EF be drawn parallel to GVif and at 9 
toifes diftant from it, the interfeflions E, F, 
ivith the capitals of the counterguards^ will 

be 
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OF FORTIFICATION. 

be the centers of the towers ; from which 
fct off 7 toifcs from E to ^ for the femi- 
gorges, and draw the flanks b c through the 
extremities of theic femi^gorges perpendicu- 
lar to the line EF ; thefe flanks are 4 toifes 
inwards from a to c» and 5 outwards from 
tf to b; the faces b G are drawn from the 
point b to the point G, and the lines joining 
the infide of the flanks 9t the end of 4 toifes 
will complete the towers. 

The ditch is 6 toifes before the faliant 
angle of the towers, and its counter/carp 
meets the line GH, within 10 toifes of the 
extremities M, N of the flanks of the coun-> 
terguards. 

If from the point n, where the line £F 
interfeds the perpendic,iilar CD produced^ 
you fet off 5 toifes to the point r^ and the 
lines of defence are drawn from the extre- 
mities of the femi-gorges a of the towers 
through this pointer 5 then the flanks of the 
counterguards produced will determine the 
little fianfks p, q of the infide rampart, and 
the extremities of thefe little flanks being 
joined, will give the curtain between them« 

The great ditch before the counterguards 

is X5 toifes, and its counterfcarp parallel to 

the faces: the capital of the ravelin is 55 

E 4 toifes^ 
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toifcs, and that of the redoubt within it 23 ; 
the faces of the ravelin are drawn to the 
faces of the counterguards within I5 toifes 
from the (boulders, and thofe of the rfedoubt 
parallel to thefe : 1 2 toifes arc cut oiF from 
the faces of- the ravelin, and 6 from thofe 
of the redpubt, by the flanks which are pa- 
rallel to the capital ; the ditch before the ra- 
velin is 12 toiies^ and that befcH-e the redoubt 
6 : the covert- way and glacis are the fanie 
as in the fecond method : the profiles in 
plate X, XI, referred tp this method, may 
ferve likewife for the fecond. . It muft be 
obferved, that the parapets of the coupter- 
guards, on both fides of the faliant angles, 
are raifed 4 feet higher, for the fpace of 20 
feet, above the reft, to prevent the enfilades 
of the ricochet batteries. 

We fhall examine thefe two laft methods 
in the third fcdlion, in order to fliew their 
perfeftions and imperfeftions. 

ConJlrtiBion of M. CoehornV Jirfi 
method. 

Plate XII. This author applies his firfl: method to 
dn exagon, and fuppofcs that the furfacc of 
the water is but 4 feet lower than the level 
ground. ' Let 
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OF FORTIFICATION. 57 

Let therefore the interior fide AB of an 
exagon be 1 50 toifes, take AC, BD, each 
equal to 39, and the capitals AE, BE, each 
of 80 ; and AG, BH, of 40; from the points 
E, F, draw the lines of defence through 
the points D, C ; and through the points 
G, H, lines parallel to ED, FC 5 in which 
take GI, HK, each equal to 40 toifes, for 
the length of the higher faces of the baf- 
tions. 

To determine the lower faces EM, FN, pig. ,; 
draw 10 perpendicular to IG, equal to 4 
toifes; Or, parallel to IG, likewife equal 
to 4 i then r M perpendicular to EM. will 
determine the lower face EM. 

In order to determine the toweV 3, fee 
fig. 2; in rM, take rS of 5 toifes, draw 
Sm parallel to EM, and equal to 14; in . 
Or produced, take likewife rn equal to 4, 
and in EM, MVto8; then if the points 
n, m are joined by a right line, and m^ V 
by an arc of 60 degrees, you will have the 
outline of the tower. 

The lines 10 and O r, exprefs two walls, 
the firft has two embrafures, and the fecond 
three; by which the autht)r intended to de^ 
fend the dry ditc;h, and the approach to the 
fpwer. 

If 
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If frpRi th« points C, D, fig. i, there 
be r«t offoa the lioei of defence 14 toiies to 
the points YiWi and upoa each of the bafes 
YI» WK be^defcribed an equilateral triapgle^ 
the angles oppoftte to thefe bafes, will be the 
centers ef the higher flank; YI, WK. 

And if R be the interiedtion of the two 
lines pf defence* KM difeded at S, and RC 
at Qi by drawing SQ, vSQ^ will be half 
the tenaille $ and drawing from the point C^ 
9 line parallel to lY, fo as to nEieet the towert 
upon which the niean flank is defcribed in 
the fame n^anner as the former. 
1^* 2. The parapets of the three flanks, and 
ihofe of the parts ro V, VM, of the towers* 
tre 34 feet thicks the other parts M r* r n m* 
but 16 1 and all the other parapets In general 
ire 20 feet. 

There is a wet ditch* before the mean 
flank of 6 toifes brpad, and another z, be* 
bind the tower; of the fame breadth* over 
which arc made two draw-bridges* parallel 
to the higher faces. 

Thefpace X betwfen the higher and lower 
faces pf the baftions in a dry ditch, whofe 
bottom is bot 6 inches above the furface of 
the water in a wet ditch. 

Behind 
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Behind the lower parapet there is a ban- 
quette of 3 feett and a rampart of 5 ; and 
under this rampart a flone gallery^ which 
runs from one end to the other» and is 
divided into ibveral apartments^ which are 
(hut with doors ; as likewife another, going 
from the faliant angle of the lower faces, to 
that of the higher, with loop-holes from, 
diftance to diftance facing the dry ditch: 
there is likewife a row of palifades placed 
parallel to the higher faces, and at 4 toifes 
diflant from them. 

There are three embrafures in O r, as has 
been faid, to flank the ditch z behind the 
towers ; and two in 10 to flank the dry ditch 
near the higher faces. 

The great ditch is 94 toifes broad ; and 
its counterfcarp parallel to the lower faces 
pf the bafljons ; the femi-gorges OL of the 
ravelin are 29 toifes, and the faces LP, 45 ; 
the dry ditch Y is 16 toifes, the rampart 28 
fectf and the lower faces aT are parallel to 
the higher Qnc$; the parapet of which is 20^ 
and the banquette 3. 

The level ground of the rampart in the 
ravelin near the faliant angle is 20 feet broad, 
for the length of 20 toifes from that angle, 
and the reft but < 5« 

In 
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In the gorge of the ravelin is a fmall 
redoubt a, of about 5 feet high, and under-* 
neath a lodgment of ftones, the walls being 
18 inches thick at the fides; the roof is made 
of planks, with 3 feet of earth over them. 

There is a dry ditch going from the ex- 
tremities of the faces to the redoubt, and 
. round its angle, having a row of palifades 
before it, to fecure the retreat from the 
ravelin into this redoubt; there is likewife 
another row going from the extremities of 
the faces, in a round form, turning towards 
the gorge of the ravelin. 

In the dry ditch, of the ravelin, within 6 
toifes from the great ditch, is a coffer, and 
a ditch p of 6 toifes before it : this coffer has 
a wall on both fides, and the roof is planked 
and covered with a foot and half of earth ; 
above this, is a ftone parapet of 5 feet high, 
with a banquette behind it. 

There runs a covered gallery under the 
rampart of the ; lower faces, and another ^ 
joining the two faliant angles, together with 
a row of palifades, in the fame*manner as in 
the dry ditch before the baftions. 

The wet ditch before the ravelin is 1 8 
toifes; the counterguards x^ which the au- 
thor calls cover^faces^ are 25 feet broad, and ^ 

the 
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the ditch before them 14 toifes ; the covert- 
way is 12 toifes broad, and the glacis 20 : 
the femi-gorges fgi gh, of the places of arms, 
are 22 toifes, and are taken from the point g, 
where the branches of the covert- way meet, 
and the faces f k» h k, are 28 ; within the^^ 
places of arms are traverfes of 20 feet thick 
and 18 toifes long, within 10 or 12 feet 
from, and parallel to the faces. 

The ilone lodgments b, within the places 
of arms, are found by fetting off. 12 toifes 
from the point g,* for the femi-gorges, and 
the faces are drawn paralUl to thofe of the 
places of arms. 

At 6 toifes from the places of arms, are 
coffers q of 8 feet broad, made with planks 
at the fides, and above with a foot of earth 
over and before them. 

There are two banquettes all round the 
covert-way, and before the traverfes ; as alfo 
two rows of palifades before the traverfeip, 
one^of which joins them, and the other goes 
round the covert-way. 

Laftly, the re-pcntering angles of the coun- 
terfcarp next to the covert-way ace made a 
little round, as Hkewife that in the ravelin i 
but the contrary way, that is, they are made 
hollow. ' * 
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Conftru^ion of M. CotYiortCt fecond 

method. 

Pl.Xlll. The author fuppdfos an eptagon, whofc 
int^ricM' fide is 126 tdi^s^ and the level of 
the ground tobfe 3 h^ ftbov^ the furface of 
U16 water. 

. . Leti^ therefore^ the interior fide AB of an 
eptagon be 126 toif<^, take in the capitals, 
AC, BD, each of 72 toifcs ^ at the extre- 
mities G, D, make the angles ACE, BDF, 
each of 40 degrees i and fet off 66 toifes 
for the faces CE, . DF of the haflipns ; on 
the interior fide, take AG, BH^ each of 30 
Coiie^, and from the point D^ as center, de-^ 
fcribe an arc through the^point O, on which 
fet off a chord of 30 1 and dn this chord de- 
fcribe the mean flank GI, which is an arc 
of66degreeSk 

Draw a line from the faliaht angle D 
through the extremity I of this flanki on 
which take la of 10 toifes; join aE, on 
which defcribe the orillon as ufuah 

The outline of the higher flank is 13 
toifes diftant from that of the outline of the 
mean ; this flank is an arc defcribed from 
the arme center as that of the former, the 
ichord of which is 40 tgifes. 

From 
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From the points G| H» draw the br6ken 
parts of the curtain perpendicular to the 
capital of the baftion^ and 0iake it 9 toifes 
long ; the extremity of the higher flank h 
terminated by the ihfide line of the pai'apet 
of the curtain produced. 

The tenallie is founds by producing the 
faces of the baftions i o toi^$ ; through the 
extremity of which, an arc is defcribed from 
(he oppofite faliant angle df the baftiont as 
center ; on this arc is fet off a chord of 26 
(oifes ; arid this chord fdrves to defcribe (he 
ilank, upon which is an arc of 60 degrees ; 
the<urtain is a right line. 

There is a wet ditch before the tenaillea. 
of 10 toiies broad, with two bridges at eadh 
end, near the orillons ; the one direftly airer 
it, and the other along the faces of the. 
bailion. 

The dry ditch round the body of the place 
is 20 toifes broad, before the faces of the 
baftion to which it is parallel, and the lower 
rampart KL^ 29 feet i the femi«*gorge9 ML 
are 15 toifes, and the^ flanks LN, 18, and 
are defcribed from the faliant angles K of 
the lower faces as centers. 

The faliant angle of the ravelin is i2j[ 

toifes diflant from the curtain of the body 

6 of 
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of the place^ and is 70 degrees 5 the faces arc , 
50 toifes long ; the faces of the redoubt x» 
are 16 toifes diftant from thofe of the rave- 
lin, and 14 long. 

" The wet ditch round the lower faces of 
the ravelin is 24 toifes broad : the work be« 
yond this ditch» which the author calls the 
iecond counterfcarp, is 20, parallel to the 
ditch. 

To find the broken part of this work, 
join the two re-entering angles m, r; on 
ivhich take mr, of 30 toifes, and draw rt, 
rv parallel to the outline of the counterfcarp, 
each equal to 12: fet off 22 from t to s, 
and from v to q ; and upon thtfe lines as. 
chords defcribc the round flanks, which are 
arcs of 60 degrees. , 

The traverfes in this counterfcarp are 
drawn at 10 toifes from the flanks perpen- 
dicular to the parapet. 
• The redoubts z in the re-entring angles, are 
found by fetting oflF 16 toifes from the points 
m to n, for their capitals, and the faces are 
parallel to the broken curtain before them : 
thofe marked y,whichareinthefa1iant angles, 
are found by producing the counterfcarps of 
the great ditch, and fetting oflF 12 toifes from 
the points of their in terfcdtions for their faces; 

and 
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and the flanks arc drawn parallel to their 
capitals.. 

The ditch before this work is 14 toifes ; 
as to the cpvert-way and glacis, they are the 
fame as in the author's firfl method. 

ConJlruEiion of M. Cochorn!^ third 
method. 

The author fuppofes an oftagon, whofe ?'• ^^V^* 
interior fide AB is no toifes; the femi- 
gorges An, Brnl, 21 ; the capitals AC, BD 
of the baftions 64; and the faliant angles 85 
degrees ; the faces CE, DF of the baftions 
54 toifes; the parts Qs, Qr^ of the tenaille 
32; the lower flanks, that is, thofe of the 
tenaille, are found by defcribing arcs through 
the points s, r, frona the oppofite faliant 
angles DC, on which are 20 toifes fet off 
as chords; and thefe chords fefve to defcribe 
arcs of 60 degrees upon, for the required 
flanks. . 

Ff©m the extremities v, t, of thefe- flanks, 
lin« are drawn to the oppofite angles D, C, 
and 6 toifes fet off from v to q ; and upoix 
qE the orillon is defcribed as uiual. 

The higher flanks are defcribed from the 
fame centers, as the lower through the ex- 
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tremitics n, m of the curtain ; and their 
chord is 30 toifes. 

The Wet ditch before the body of the 
place is 20 toifes, and its counterfcarp pa- 
rallel to the faces of the baftions. 

The capital VW of the detached baftion 
is 100 toifes; the faces are diredled to the 
faliant angles of the inner baftions ; the dry 
ditch behind the lower faces in the detached 
baftions is 20 toifes ; and the higher faces 
are parallel to the lower, and 31 toifes long : 
the towers x, and the ditch before them, are 
1 made in the fame manner as in the firft me- 

thod. To find the flanks, make the fcmi- 
gorgcs Va, Vb, each 38 toifes, and draw 
the chords of thefe flanks parallel to the 
capital VW; and from the extremities of 
the higher faces draw alfo lines to the for- 
mer, upon which the flanks are defcribed as 
ufuaK 

The counterfcarp of the ditch before the 
redoubt z, is drawn from the extremities of 
the flanks parallel to the faces ; and at 6 toifes 
from this, the faces of the redoubt are drawii ; 
4 toifes of which are cut oflF for the flanks. 

The ditch before the detached baftion is 
24 toifes ; the ravelins, counterguards, covert- 

, way. 
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, way, and glacis^ arc the fame here as in the 
firft method. 

There are little pits or points 1, 1, dug be- 
tween the higher and lower curtains, to hold 
water, in order to prevent the paffing from 
the ten allies to the flanks. 



SECT. III. 

Containing the generah Maxims of 
Fortification^ applied in the Remarks 
on the preceding Authors^ and othens 
mentioned hereafter. 

IN learning fortification, with an intention 
to make any progrefs in it, it is not fuf- 
ficicnt to be capable of drawing lines, and to 
know the names of the different works ; but 
it is neceflary to be well acquainted with the 
principles or foundation on which the per- 
fedlion and imperfedion of a work depends ; 
to be able to give reafons for what is done^ 
and to be in a condition to judge upon good ' 
grounds, what is good and what is hot fo, 
in the various manners of fortifying, by all 
the different authors who have wrote on this 
fubjeft. f z There 
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There are three confidcrations^ cfientially 
required in a good and well-ordered fortifica- 
tion, without any of which it can never an- 
fwcr the ends propofed. 

The fir ft is, the Expence neceflary for 
the building of it : for ihould that be greater 
than the importance of the place requires, it 
is plain that fuch a place would be of no ad- 
vantage. 

The fccond is the Number of troops, to 
guard and to defend it : for if a place fhould 
require fo many, as that the expence, together 
with providing it with artillery, ammunition, 
a'bd (lores, be equal to, or exceed the revenue 
or advantage arifing from fuch a place, it is 
manifeft, that inftead of being an advan- 
tage, it would be a difadvantage. 

And the third is, the Capacity of the 
towri with regard to the fpace taken up by 
the fortification : for if it fliould happen that 
- the town could not contain a fuffictent num- 
ber of troops to defend it, befides the inha- * 
bitanttf, it is evident that it may betaken with 
lefs expence than another of fewer works, 
provided with the fame number of troops ; 
and therefore, fuch a' fortification will not 
anfwer, the ends propofed in fortifying it : St. 
Philip'z Caftie in Minorca is an inftance of 

* this 
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this fort ; and fuch are M. Coeborn'^ fyftems, 

as we fhall (hew hereafter. "• 

If the queftion was only to fortify a town 
flrongly, without any other confiderations, 
one might make outworks upon outworks 
without end ; but if it is cbnfidered, that a 
whole ftate might be cxhaufted in the build- ^ 

ing of one fingle fortification, and which 
would require a whole army to defend it, it 
will eafiJy appear, that the ftrength and big- 
nefs of a fortified place ought abfolutely to 
depend on the importance it will prove to ^ 
nation. 

Befides the geperal confiderations, there 

■ are feveral particular on^s ; which are necef- 

fary in the well-ordering all the different 

parts, fo as to make the bcft defence that can 

be for a place of that expence. 

I. There ought to be no partj but what 
can be fcen or defended by fome other; 
which in the phrafe of fortification is, all 
parts (hould flank each other reciprocally ; 
for flanking or defending is the fame thing. 

For if there is any part that is not feen or 
defended, the enemy might approach that 
way under cover, and make themfelves ma- 
ilers of ir^ without much trouble or lofs. 

F 3 2. The 
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2. The defence of every part Ihould be 
always within the reach of mufket-fliot, fo 
as to be defended both by great and fmall 
fire arms; for if it be only defended by 
cannon, the enemy may difmount them by 
the fuperiority of theirs, and then the de- 
fence would be deftroyed at once ; whereas, 
if a work is hkewife defended by fmall arms, 
then, if the one is deftroyed, the other will, 
ftill fubfift. 

3. All the defences fhould be as nearly 
diredt as poffible; for it has been found by 
experience, that the foldiers will fire direflly 
before them, without troubling themfelves 
whether they do execution or not; there are 
other ^dvantijges in a direft defence, as we 
ihall prove in the following propofitions. 

4. Afortification (hould be equally ftrong 
V on all fides, otherwife the enemy may attack 

• it in the weakeft part, whereby its ftrength 
would become ufelefs. 

In a regular fortification, where all fides are 
equally fonified, it cannot happen otherwife 
than to be eviery where equally ftrong : but it 
is not foin the irregular^ which requires great 
fkill and knowledge to make a place fo; and 
no author, <hat I know, has {hewn how, 
and in what manner, we are to judge of the 

ftrength 
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ft«ngth of the feveral parts in fuch a fortifi- 
cation, although they all agree to the im- 
portance of that maxim. 

There are commonly feveral other maxims 
given by authors, which, in my opinion, 
ought rather to be prove^J, than only af- 
ferted. 

Proposition I. 

Of two batteries which have equal fronts, 
that whofe fire is diredt is the moil advan- 
tageous. ' 

For let AB be an objeft to be fired at, PI. XV. 
from the battery CD equal in front ; then I 
fay, that this battery CD, which is diredly 
oppofite to AB, is more advantageous than 
any oblique one, as CL, whatfoever. 

For if CD be divided into any number 
of equal parts, fuch as ca, ab, &c. and from 
thefe points perpendiculars are drawn to CD, 
intei'feding CL, in c, d, &c. then, if each 
of thefe parts of CD is the fpace neceffary for 
one gun, or for one man ; it is evident, that 
c^chof the correfponding parts Cc, cd,of CL, 
will likewife be neceflary for one gun, or for 
one man : from whence it refults, that there 
can be no more guns or men placed on the 
F 4 oblique 
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oblique battery CL, fo as to fire at the ol>- ^ 
jeft AB, than on the dircd one CD. 

Now bccaufe the oblique battery CL U 
longer, and therefore of more cxpence than 
the direct one CD ; and as the troops placed 
on the battery CL, fire with ncrorc uncer- 
tainty, cfpecially when they are in a hurry, 
and in danger, than if they were placed be- 
hind CD, where they only fire diredly for- 
ward ; it evidently follows, that the diredi: , 
battery CD is more advantageous than any 
oblique one whatfocver. 

JV. B. As the parapets are 3 toifes, or 18 
feet thick, it is not only uncertain, that the 
foldiers in a hurry fire at an objefl: obliquely ' 
fituated, but likewife very difficult and trou- 
blcfome ; fo that befides the advantage of a 
diredi defence, mentioned in the lafl propofi- 
tion, this one is as much eiTential as any^ 



Proposition IL 

If the objefl: AB be a counter-battery, 
the diredl battery CD is flill preferable to 
any oblique one CL whatfoever. 
. Let BE be perpendicular to CL produ- 
ced i theo the force, whereby acannon-fhot 

from 
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from the battery AB would ftrikc the bat- 
tery CD, is to the force it would ftrike the 
oblique battery CL, as BL to BE ; of be- 
caufcofthe fimiliar triangles BLE, CLD, 
as CL to CD ; that is, reciprocally as the 
lengths of the batteries. 

But the refiftances of the batteries are re- 
ciprocally as the forces whereby they are 
flruck, and therefore diredly as the lengfhs 
or expences. 

But the refiftances of thefc batteries arc 
only at the beginning, as the expences ; for 
as foon as the leaft breach is made in the wall, 
they nearly equal : befides, if the guns 
of the battery AB fire diredly, as they eafily 
may, except the battery CL is very oblique, , 
the refiftances will be equal from the begin- 
ning ; and as the guns are as eafily difmount- 
ed on the oblique battery CL, as on the di- 
reftone'CD, it evidently follows, that the 
direfl: battery CD is more advantageous than 
the oblique one CL. 

Corollary. 

From whence it follows; 1^. that if thepjg^ ^^ 
fire from the battery CD is to be diredcd 
towards a point A, the battery CD ought to 

be 
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be an arc pf a circle, defcribed from that 
point A, as center. 

2^. And if the fire from the battery CD 
is to be dircdled to a line EF, of a greater 
. or lefler extent than the battery, it ought 
again to be an arc of a circle, fuch that the 
radii CA, DA, drawn from its extremities, 
fhall pafs through the extremities E, F of 
the objed, and make equal angles there* 
with. 

Problem. 

To determine the fever al parts of a front 
of a fortification^ 

Fig. 3. I-, It IS evident,- that every part of the 

front AEFGHB, difpofcd in the cnanner 
defcribed before, is feen and defended by 
ibme other part, as well as the ditch before 
it : for the flank HG, defends the ditch 
from the perpendicular CD to the face EA 
produced, as well as that face itfelf ; the 
flank EF and half the curtain, and the flank 
EF defends the other half of the ditch from 
CD to the face HB produced, that face the 
flank HG and half the curtain j and confe- 
quently no part of this front can be ap- 
proached, without being feen and defended 
by fome other part. If, 
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II. The next thing to be confidered, is the 
length of the lines of defence AG, FB, which 
feme will have to be within mufket-ftiot, and 
others longer; the firft fay, that the principal 
ftrength of a fortification confifts in the ufe 
of fmall arms, becaufe the guns fire but 
ilowly, are foon difmounted, and require 
much time to be remounted ; whereas the 
fire from fmall arms is very brifk, and when 
one mdn is killed, another takes his place im- 
mediately ; this is anfwered, that cannon does • 
greater execution, and requires much trouble 
to make an epaulement to refift their force, 
whereas a moderate epaulement is a fuffi- 
cient cover againft fmall arms : befides, when 
the lines of defence are of a fufBcient length, 
the feveral parts of the fortification become 
fpacious and more convenient for placing 
both more guns and men in them ; it alfo 
obliges the enemy to extend their trenches 
much farther, than if thefe lines were 
fhorter. 

But it is evident that, although the lines 
of defence are , within mufket-ihot, there 
may be placed both fo many men and can- 
non as are neceflary to defend the works; and 
the works are likewife fpacious enough for 
all other purpofes. 

From 
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From whence it is concluded, that the 
length of the lines of defence fhould not 
exceed the reach of mufket-fliot, which is 
commonly obferved now-a-days ; except 
when the front lies near a great river, and 
can hardly be attacked on that fide, there 
they are often made longer. 

It has been found by experience that a 
common mufket-fhot willhardly kill a man 
at a greater diftance than i6o fathoms Eng- 
' lifh meafure ; and therefore the lines of de« 
fence ough( n9t to exceed that length when 
the front can be approached. 

III. The length of the faces AE, BH 
fliould be fuch, that the flanks are of a fuf- 
ficient length, and the gorges of the baftions 
not too narrow : they are never made lefe 
than 50 toifes, nor greater than 70, in a 
fortification whofc exterior fide is 180 toifes 
or upwards. 

But as to the length of the perpendicular 
CD, it is no ways determined ; for fomc 
engineers make it twice as long as others : 
they feem indeed to differ frem one another^ 
merely out of contradiction ; fince none of 
them, that I know of, has given any reafons 
for this practice ; although it. be plain, that 
the longer this perpendicular is, the greater 

* the 
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the flanks will be, therefore the defence 
fo much the greater likewife. 

But then the expence^increafe alfo in pro- 
portion, and c©nfequently the length of the 
perpendicular ftiould be determined accord- 
ing to the expence which a ftate will be 
^U and according to the importance of the 
place. 

IV, The pofition of the flanks is no more 
certain than the reft, fmce almoft all engi- 
neers diflfer £rom one another in that refpe£t : 
although it is evident that there muft be a 
certain and determinate pofltion better than 
any other. 

^ For if their ufe be confidcrcd, the pofi- 
tion willeafily be knovyn, as. they are to de-» 
fend the ditch before them : and it is a receiv- 
ed maxim in fortiflcation, that the dire£t de- 
fence is the beft J and we have proved in the 
two foregoing propofitions, that it has fcveral 
advantages above an oblique: one it follows 
from the corollary after thefc propofitions, 
that the flanks (hould be an arc of a circle 
defcribed from the point of interfedtion, of 
the line of defence "and oppofite* counter- 
fcarp produced, as center : or, becaufe this 
arc differs but little from its chord, a right 
line which makes equal angles with the 
7 line 
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line of defence^ and the counterfcarp pro- 
duced. 

Having thus determined the feveral parts 
of a front, wc fhall proceed in our exami- 
nation of the feveral parts of the two fore- 
going authors fortifications. 

Remarks on M* V a u b a vCs firji 
method. 

This method is very iimple^ eafily con- 
ilrudted, takes up but little ground, fince the 
inward fpace left for buildings is to the fpacc 
taken up by the fortification, comprehend- 
ing ravelins and covert-way, as 970 to 1622 
nearly ; that is, the fortification takes up 
about one and a half more ground than the 
buildings : it is free from all furprizes, by its 
ftone revetements, requires not many men to 
defend it, by the contiguity of its works, 
and is of very good defence, cfpecially when 
fome outworks are added ; fuch as counter- 
guards before the baftions, lunettes, or tenail- 
lons, to cover and defend the ravelins. 

But it mud be confeiTed that his flanks arc 
too fmall, fidce the enemy can always ereS: 
counter-batteries fuperior to them, as M. Coe-^ 
i&t?r;7 obferves (pig. ii. Englifli edit.); but 

with 



Digitized by 



Googk 



OF FORTIFICATION. 79 

with regard to the battery, which he pretends 
to places in the ravelin, it is only a conceit, to 
• impofe upon the incautious reader ; fince the 
fire from the whole curtain can always de- 
ftroy that battery, as being much fuperior 
to it, and which cannot be filenced till the 
ravelin is taken ^^nd a battery ereded in it. 

The pofition of his flanks come prettv 
near to the true one, fince the difference be- 
tween the angles made by the flank, and the 
lines of defence, and counterfcarp produced, 
is but about 2 degrees, which is inconfider- 
able in practice. . 

The manner of making retired flanks co- 
vered with orillons, is very good ; becaufe 
the flanks cannot be difcovered by any ob- 
lique batteries, and there may be a gun placed 
behind the orillon, which can be fcen from ' 
no where elfe than from the breach in the 
oppofite face of the baftion. 

But for what reafon he makes his retired 
flanks to be a circular afc of 60 degrees. Is 
inconceivable to me ; fince flanks are made 
for no other purpofes, that I can find, than 
to defend the oppofite ditch ; they ought evi- 
dently to be fuch arcs as we have demon- 
flrated in the preceding problem, or right 
lines, which make equal angles, with the 

line 
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line of defence itnd counteffcarp produced. 
But inftead of defending the ditch diredly, 
they defenci all the part of the fortification 
contained within the angle ^QpRf ipade by 
the radii n p^ m p produced ; fo that it feems 
as if thefe Hanks were made quite for other 
purpofes than to defend the ditch ; and what 
is more furprifing (lill^ all modern engineers 
follow him, as if it were the heft defence 
that could have been invented; which plainly 
(hews, when men go upon uncertain princi- 
, pies, how eafily they are led into errror. It 
is true, .they imagine to get more room by 
making this fort of flanks, and that they re- 
lift better the fire of the enemy* 

But thefe pretended advantages are found- 
ed upon as erroneous principles as the reft ; 
for we have proved, that the flank made up- 
on its chord will contain as many guns as that 
made on the are itfelf, and refifts better than 
. the curved flank 5 as is eafily demonftrated 
by mechanics. 

His capital ditch is too wide ; for if it 
• were but about 16 toifes at the faliadt angles 
of the baftions, and from thence drawn tQ 
the inner angles of the parapets at the {boul- 
ders, the flanks would then not be fo much 
cxpofed as they arc now, and there would 

be 
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be jcfs room on the glacis to credl counter- 
batteries. 

We have fliewh the general ufefulnefs of 
tenailles, after their conftru<ftion j as likewife 
their perfedlions and imperfed:ions. 

As the ravelins are chiefly made to cover 
t^e flanks and cprtain> M. Vauban ought not 
to terminate their faces on the (houlders of 
the baftions, but rather 3 or 4 toifes beyond 
them : thofe of the fecond fort are ftill worfe, 
becaufe their flanks lay the flanks of the ba- 
ftions ftill more open than the firft : the 
third fort, which have redoubts within them 
are the beft ; for they fecure a retreat to the 
troops in the ravelin, and the enemy is obliged 
to raife a battery in the ravelin to deftroy the ^ 
redoubt ; it takes likewife a good deal of 
ground from the befiegers, who cannot there- 
fore eredt fuch large batteries in them, againft 
the curtain or flanks. 

The lunettes are of a very good defence, 
cfpecially when there is a bonnet to cover the 
faliant angle of the ravelin, as we have men- 
tioned in their conftrudlion : the fame thing 
may be faid in regard to the tenaillons. 

Inftead of making the femi-gorges of the 
bonnet 1 5 toifes, I would make thefn but 
8 or 10 at moft, whereby the defence- of 

G : its 
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its ditch and covert- way would be greater, 
and the befiegers wpuld find lefs room in 
them for batteries. 

The faces of the lunettes (hould be one 
perpendicular to the face of the ravelin, and 
the other to that of the baftioq, in order to 
be defended in adired manner, which ought 
to be obferved in all works, if poffible* 

Some authors objcfl: againft the lunettes, 
on account that the ditch, which is defended 
by the ravelin, has no defence left as foon 
the ravelin is taken ; hut as it is hardly pofli- 
ble to take the ravelin without being firft 
inafter of the lunettes, their objeftion is of 
no confequence ; and (hould the befiegers 
be imprudent enough to pafs by the lunettes 
without taking, them, they muft certainly 
' fufl?er much more than if they had. 

The counterguards before the ravelins 
are but feldom made ; for a redoubt within 
the ravelin anfwers the fame purpofe, and 
is lefs expenfive : but as to thofe before the 
baftions, they ard fomc of the heft of all 
outworks, when they are well conftrufted ; 
fince the enemy cannot pretend to make a 
breach in the baftion, nor deftroy the flanks 
before they are matters of the counterguard ; 
and then they have not fufficient ground to 
^ ^ make 
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make batteries in them, to dcftroy the flanks 
and make a breach. 

All tcnaillons and counterguafds fliould 
have retrenchments, fuch as that marked by 
the letter K, fig. 6. in the fecond plate : for 
by this means their defence becomes much 
more confiderable than without them- This 
th^ French have done in their counterguards 
lately conftrudled before the baftions at Lilte^ 
and in the tenaillons at the front which was 
attacked by Prince Eugene and the Duke of 
Marlborough in Queen Annes war ; when 
thefe tenaillons made one of the beft defences 
that ever was known. 

M. Blondel, and after him M. Coehorn^ 
make their ramparts fo narrow, as to leave 
*no room to place gurls upon them ; and this 
is to prevent the beficgers from eredling bat- 
teries there, whereby they will be obliged to 
bring earth from the covert-way, in order 
to deftroy the flanks. But as thefe counter- 
guards are only defended in the front by fmall 
arms, they can make no great refiftance j 
befides, the befiegers may make a few mines 
under them, and io blow up as much as 
will difcovcr the faces and flanks from the 
covert-way ; whereas, if their ramparts arc 
7 or 8 toifcs broad, they cannot be deflroycd 
G 2 by 
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by mines ; and there will ncverthelefs not 
be fujEficient room to ercfl: batteries in them 
to deftroy the flanks. 1 

I would chufe to make thefe counterguards 
as high as the baftions themfelves, in order 
that the enemy might not difcover the ba- 
ftions but from within thfe counterguards ; 
by which means the fire of the whole baftion 
would defend the Qounterguards in fuch a 
manner, as to make it almoft impofiible to 
make any lodgment there. 

The horn and crown wdrks arc chiefly 
made, to take away a fpot of ground which 
might be advantageous to the enemy ; to 
cover the gates of the town, or to build ftore- 
houfes and hofpitals in them. 

The flanks are too fmall, as well as the 
fronts themfelves, and the ditches before the 
branches are too obliquely defended : the 
retrenchments made in them are very good, 
to retire behind when the work is taken, 
, and to difturb the lodgments made there. 

Thefe kind of works ought never to be 
made,, but upon the above-mentioned occa- 
fions ; for their building is very expenfivc, 
and cheaper works would be of a much bet- 
ter defence ; notwithftanding M. Vauban has 
too profufely made them, in the fortifica- 
8 , tion» 
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tions of T'ourfiay^ Ipres^ and in fevcral other 
places ; and placed them often fo near each 
other, as would incline one to believe, that 
he rather intended more to terrify an ene- 
my by their number, than to (Irengthen the 
place. 

The covert-way feems to^ be of a fuffi- 
cient breadth to contain the neceffary troops 
to defend them, and the traverfes arc ab- 
folutely neceffary for their defence ; con- 
trary to the opinions of M, Coehorn and 
others ; for without them the covert-way 
may be enfiladed by the ricochet batteries, 
from one end to the other : befides, when 

, the faiiant ^angle is attacked, the befieged 
have a fecure retreat behind them ; and fo 
may be defended to the laft extremity ; ex- 
perience has fufficientJy proved their ufeful- 
nefs, for at Lijle a traverfe was three times 
taken and retaken. 

M. Vauban invented three different man- 
ners of covering the paffages round the tra- 
verfes at the faiiant angles ; the one by cut- 
ting the paffes out of the glacis, as in plates 

, VIII and IX, the other by making a kind of 
fhoulder before them, and the third in the 
form of the teeth of a faw, which he calls 
en Cremaille^ fo as the paffage may be feen 
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, and defended from behind the traverfc which 
forms the place of arms at the re-entering 
angle ; which is undoubtedly preferable to 
the other two, and has been pradlifed in all 
the fortifications built in latter times. 

I am not ignoranf that the whole front 
of the covert-way is fometimes attacked at 
once ; in fuch a cafe, the travcrfes feen* to 
be ufelefs ; but as this only happens when 
th^ garrifon is very weak, or the enemy 
prefumptuous and unfkilful, they generally 
pay dear for their rafhnefs, and fcldom can 
maintain their ground. Befides^ the befiegers 
may drive the troops out of the covert- way 
with their ricochet batteries, when they arc 
as yet far off, fo that it is of no manner of 
ufe after the fecond or third day of the at- 
tack j but to prevent the traverfes being ufe-- 
ful to the befiegers in covering them, I would 
chufe to make a fmall mine under them, 
and when they can no longer be defended, 
to blow them up. 

The arrows and detached redoubts are of 
no great expence ; and neverthelefs are very 
good in hindering the enemy from^ beginning 
their trenches too near, and to difturb them 
in their approaches; but the redoubts are 
liable to be furrbunded by the trenches and 

taken 
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taken by the gorge, if they are not well 
protcdcd from the covert-way or fome other 
outwork; for which reafon they (hould never 
be farther from the covert-way than about 
50 toifes ; and if they were mined fo as to 
be blown up when they can be no longer 
defended, they would afford no fhelter to 
the enemy when they are taken. 

As to the fecond ditch and covert-way, ^ 
they being works only made of earth, are 
of no great expence, and yet may make a 
very good defence, efpecia)Iy when the flope 
of the firft glacis goes as low as the furfacc 
of the water ; or when the water can be raifed 
in time of a fiege, fo as to overflow the beil: 
part of the firft glacis ; it would oblige the 
enemies to bring earth from the fecond gla- 
cis to retrench themfelves upon the firft, 
which would coft them a good deal of tim« 
and trouble ; and as this muft be done under 
the grazing fire of the covert-way, it could 
not be done without much coft and danger : 
the fecond covert- way fhouId.be not above 
a foot above the furface of the water in the 
ditch, to oblige the enemy to bring, earth 
for making their trenches in it. 

M. Fauban was fo fenfible of the goodnefs 
of tbefe works^ that he never failed to make 

G 4 them 
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them wherc-everhe found the ground con* 
venicnt for it; as may be fecn at Sarre Louis, 
at the city oi Lijlet and in other places. 

Remarks on A/. V a u b a n'j fecond 
and third methods. 

The defign of the fecond method is to for- 
tify an old town already inclofed by a ram- 
part; and it is for that reafon that he begins 
within and fortifies outwards, contrary to his 
other methods, as being more convenient in 
this cafe: the tower-baftions are joined tothc 
old wall, and have underneath a magazine 
in the form of a crofs ; all round this maga- 
zine are cafemats, or cellars, to hold both 
men and guns; thofe in the flanks have each 
an embrafure which opens into the ditch, 
and thofe in the faces have embrafures fo as 
to fire out of one into the other when taken 
by the enemy ; and above is a parapet of 12 
feet thick with embriafures, as may be feen 
in plate XI, where a plan and fediion of a 
tower-baftion is reprefented. 

As thefe towers are almofl a folid bulk 
of mafonry, they muft be of great expence, 
though their refiftancecan be but little ; for 
- it has been found by experience, that the cafe- 
mats 
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jmats arc but of little ufe, becaufe, as foon as 
they have fired once or twice, the fmoak 
will oblige the defenders to leave them, 
notwithftanditig their fmoak-holes, 

la my opinion, inilead of attacking the 
tower* themfelves> the ramparts near the 
flanks of the counterguards may be attacked ; 
and then the flanks. of the towers may be 
deftroyed by the guns placed on the flanks 
oppofitc to them, which are already made 
for that purpofe, ^and want nothing elfe but 
cmbrafures. 

It may be concluded, that the fl:rength 
of thcfe towers does by no means anfwer^ 
their expences ; and that if fmall baftions 
were made inftead of them, without cafe* 
mats,, they would be much better, and of 
lefs expence. 

As to the counterguards, they are very 
good, and may be defended to the utmoft 
txtremity, without expofing the town to be 
taken by ftorm ; but their flanks are too 
fmall, and arc eafily deftroyed from the op- 
pofite covert- way; there (hould either be 
two, or if but one, it fliould be pretty large. 

M. Vauban confidering, that as fdon as a 
breach was made in the faces of the baftions, 
and the paflage.over the ditch finiflicd, the 

garrifon 
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^arrifon is always obliged to capitulate, 
whereby the little defence they make by no 
means anfwers the great expcnce in con- 
ftruding them, rightly judged, that if they 
were detached, it would be much better ; 
for by this meanis they may be defended inch 
by inch to the very laft, without expofing 
the town. 

For thefe reafons M. Vauban invented his 
third method ; but as it differs only from 
the former in having two fmall flanks in each 
curtain of about 4 toifes, which can hardly 
hold two guns each, and therefore add no 
great, ftrength, the fame exception which 
we made againfl the fecond method, may 
be made likewife againft this. 

M. Vauban has been cenfured for making 
flanks to his ravelins in thefe two laft me- 
thods ; becaufe the flanks of the counter- 
guards are faid to be obliquely feen thereby, 
from the covert-way before the ravelin. But 
as they can be feen only under a very fmall 
angle, they cannot receive any damage from 
thence \ and thefe flanks defend the faliant 
angle of the counterguards extremely well; 
this objedion has not the leafl: foundation. 
I may venture to fay that all the works of the 
fecond and third method are as properly made 

and 
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and may make as good' a defence as. could 
be wi(hed ; the tower-baftions and the fmall . 
flanks in the third excepted. 

Remarh on M. Co ehokh^s frfi 
method. 

Before we enter Into any particulars of this 
method, it is neceffary the reader fhould 
know, that M. Coeborn wrote his book be- 
fore he had acquired that great experience^ 
for which he has been fo juftly efteemed 
one of the greateft engineers that ever was, 
in order that they may not be miflcd by the 
exccffive praifes beftowcd by fomc authors, 
on account of his works which are publiflied, 
although impra<fticable in themfelves, and 
undoubtedly thought fo by M. Coeborn him- 
fclf, after he was a better judge of fortifica- 
tion, as evidently appears by the towns he 
fortified afterwards ; for if he had thought 
that his works could really make th^t pro- 
digious defence, which he pretends in his 
writings, it would be very ftrange, that he 
fhould not have made ufe of them, when 
he had an opportunity to do it. 

Having thus fhewn in general, that the 
author himfelf difapprovcd his works ; we 
7 fliall 
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fhell now proceed to ihew the advantages 
and difadvantages of the particular parts. 

We (hall begin with (hewing that the ex- 
pence which he pretends to be much lefs in 
the building of this fortification, than that of 
the French method, is not fo incdnfiderable 
as he fain would perfuadc the world : firft 
the room within for buildings, is to that 
taken up by the fortification, as one to three 
nearly, rather more than lefs; and as he 
makes his inward polygon equal to that of 
M. Vaubans exagon j and we have found, 
that the inward polygon is to the fpace taken 
up by the fortification, as unity to 1 1- ; the 
fortification of M. Coehorn^ method takes up 
juft as much ground again as that of M. Vau^ 
ban, and therefore double the expence for re- 
moving the earth 5 but then he fays, ,that 
much lefs mafonry is required here than there, 
and it is upon this he grounds his frugality ; 
but it has been found by experience, that 
works of earth coft as much in time, as thofc 
made of ftone, on account of their continual 
repairing ; fo that in the whole it appears, 
that M. Coehorn^ cxagon cofts more, or at 
leaft as much as M, Vauban^ exagon ; then 
if we confider the lownefs of thefe works, 
and how eafily they may be furprifed, they 

will 
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will require at lead three times thre number 
of troops and ammunition to defend them^ 
as the French one. 

For when a place is out of danger from be- 
ing fucprifed, there requires but a few troops 
to guard the works which are not attacked ; 
whereas, on the contrary, the others mull: be 
every where equally guarded ; othcrwife the 
befiegiqrs may make a iham attack on one fide 
to draw the befieged that way, and furprifc 
fome of the works on fome other fide. 

The next thing is to examine whether the 
different works are conftrufted in the beft 
manner: firfl, as to the upper and mean flanks, 
they feem to be the only thing the author bor- 
rowed from the French^ and is juft the worft 
of all M. Vaubatis works, as we have (hewn 
heretofore : the curtain of the tenaille would 
have been better ftraight than crooked ; the 
towers being but fmall, and a parapet quite 
round them, are very dangerous, and a fair 
xnark for throwing (hells, by which there is 
no fecurity for thofe within : the dry ditches 
and lower faces of the baftions and ravelin 
are eafily enfiladed by the ricochet batteries; 
and the palifades placed in them,, to fecure 
a fefe retreat, are very dangerous j becaufc 
if a fhot hits themj the fplinters will do more 

mif- 
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mifchlef than the fhot itfelf, as to the cafe- 
mats in the towers, they are very bad, as wc 
have fhewn before, fpeaking of the tower- 
baflions ; the ftone gallerieis made under the 
ramparts of the lower faces of the baftions 
and ravelins, feem to be ufelefs, on account 
of the fmoak, for the fame reafon as all cafe« 
mats are ; and if fomc grenadiers go betweea 
the loop-holes and fling a few grenades into 
them,theymuft infallibly deftroythofe within. 

The redoubt in the gorge of the ravelin is 
of excellent ufe to fecure a fafe retreat to 
the befieged, which is in my opinion of the 
greatcft confequence ; for if the troops have 
no retreat, they can never defend a work fo 
well as they might do otherwife. 

The wet ditch before the lodgment and 
the dry ditch of the ravelin, are in a wrong 
place, fince they are diredly oppofite to the 
ditch before the counterguards ; and thefe 
lodgments themfclves being only a ftonewall, 
arc eafily deftroyed by the ricochet batteries, 

The rampart of the countdrguards being 
only 28 feet broad, including the parapet, 
they are eafily deftroyed by mines, as wc 
have mentioned before, fpeaking of counter- 
guards ;. no cannon can be placed in them : 
neitheir are their ditches defended by cannon, 

except 
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except from the higher faces of the ravelin ; 
and as to the covert-way, it is by much too 
fpacious, and liable to be enfiladed from the 
beginning of the fiege, by the ricochet bat- 
teries placed before the firll parallel ; fo that 
of this fpacious work, there are only the 
places of arms which can make a defence ; 
the redoubts in the places of arms being in- 
clofed quite round, are dangerous to defend^ 
for a few (hells thrown into them muft in- , 
cvitably deftroy thofe within, or oblige them 
to quit the work ; and they are contrary to 
the general maxim of fortification, that no 
part whatfoever fhould be fo as not to be 
ictn or flanked by fomc other ; but here, if 
the enemy gets once pofleflion of thcfe re- 
doubts, the walls near the counterfcarp will 
cover them in fuch a manner, as not to be 
feen from any part of the fortification. 

As to the coffers made in the glacis, 
they cannot much retard the approaches of 
the enemy; being only defended by fmall 
arms ; fo that a few gabions filled with earth 
will eafily cover the befiegers againft the fire 
of thefe works. 

It' is mofl certain, that when M. Coehorn 
publifhed his book, he knew nothing of the 
ricochet firing, the invention of which being 

o£ 
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of later date ; and therefore was not aware of 
the inconveniencies which attend iiow-a-days 
thefe low works ; otherwife he would never 
have made ufe of them ; and it is undoubtedly 
for this reafon, ^hat he never put them in 
pradice afterwards, when he was acquainted 
with this rhanner of firing; the manner of 
fortifying Bergen-op^zoom differs foYitile from 
M. VaubarCs firft method with orillons, that 
I took it for the very- fame till I was better 
informed; and this place is undoubtedly a 
roafter-piece of art. 

The comparing of this method with the 
French exagon, fortified with ravelin and 
covert-way only, is not juft; for the one 
' takes up twice as much ground, and requires 
about three times more troops to defend it 
than the other, and therefore there ought 
to be no more comparifon between them,. 
than there is between a place of few works, 
and another of a great many ; but to make 
the comparifon juft, the author (hould have . 
.compared his exagon with a French one of 
an equal number of works. * 

M. Coehorns fecond and third methods 
are abfolutcly impracticable ; for thqir forti- 
fication takes up five tinies as much ground 
as the town ; and therefore the town would 

hardly^ 
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hardly hold more people^ than the num- 
ber of troops required to defend the fortifi- 
cation,, befides the flore-houfes for the, pro- 
digious number of artillery and ftores. 

As we have (hewn the faults ^M. Coehorn 
has committed in his works, which he has 
publiflied before he acquired that great know- 
ledge for which he is fo juftly eftcemed as 
one of the greateft engineers, juftice requires 
that we fhould likewife mention his extraor- 
dinary fkill (hewn in fortifying Bergen-op-- 
zoom ; which is one of the beft contrived 
fortifications in all Europe. 

Having thus finiflied our examination of 
the methods of two mofl celebrated au- 
thors, we (hail now proceed to (hew in what 
manner the feveral parts of the body of the 
place are to be conftfufted, fo as to be ca- 
pable of the beft defence, proportionably 
to the expence. 

j4 new ConftruSiion. 

Let AB be the exterior fide of any length, PlateXV, 
fuppofe iSotoifes ; make the perpendicular "^'^* 
CD of any length, as the 6th, 5th, or 4th 
part of the exterior fide, according to the 
expence or importance of the place : here 
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it is the 6th part or 30 toifes, fet off 50 
toifes or more for the faces BH, AE^ or 
rather t of the exterior fide ; from the. 
faliant angle A defcribe an arc with the ra- 
dius AI of 20 toifes, that is, 2 or 3 toifes-more 
than the breadth of the ditch.; draw from 
the oppofite flioulder H a tangent HI to that 
arc, and from the angle A the indefinite line 
Ab parallel to that tangent; then if from the 
angle A, as center, an arc a b be defcribed 
with any radius, the flank GH is drawn 
parallel to the chord a b : one of the flanks 
being thus found, the others will be found 
by taking the difl:ance DG, between the 
perpendicular and the angle of the flank, and 
carrying it from^ the extremities of all the 
perpendiculars on the lines of defence, as 
from D to F ; this being done, the counter- 
scarp of the ditch is drawn parallel to the 
line HI or to Ab; and having the point 
or re-entring angle O, its diftance from the 
extremity of the perpendicular, being carried 
all round, wijlgive the re-entring angles be- 
fore the other fronts. 

The tenailles h k, which M • Bellidor has 
invented, and called them Rams-boms^ are 
defcribed, by fetting off^ 3 toifes from the 
Ihoulder Q^f the ballion to the point h, and 

drawing 



Digitized by 



Googk 



OF FORTIFICATION. , 99 

drawing h f perpendicular to the line of de- 
fence 5 then its interfedion f, with the other 
line of defence produced, will be the center 
of the arc h k. 
# 
To conJiruEi the Ravelin. 

Set off 12 or 15 toifes from the (houlder 
E to the point r, in the face of the baftion, 
and from the angle G of the flank, as center, 
defcribe an arc through the point r, meet- 
ing the perpendicular CD produced at L ; 
from this point L draw the faces, fo as 
when produced to fall on the faces of the 
baftions within 3 toifes of the (houlders 5 the 

ditch of the ravelin is 12 toifes. 

« 

« 

To confiruEi Retired Flanks. 

Find the flank QR as before, on which 
fet oflf 5 or 6 toifes for the (houlder or oril- 
lons } and from a point g in the oppoflte 
face of the baftion at 5 toifes from the fa- 
liant angle B, draw the brokeij part of the 
flank ; then draw the retired flank parallel 
to the line Q R, at 5 toifes diftant from it : 
the orillon may be made round in the man- 
ner of M; Faubaris^y if it be thought proper. 
H 2f Remarks 
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Remarks on this cgnftruEiion. 

This conftrudion is general, let the exte- 
rior fide AB be what it will 5 the flanks make 
equal angles with the lines of defence and 
the counterfcarp produced, and therefore de- 
fend the ditch in the moft diredt manner ; 
the counterfcarp terminates at the inner an- 
gle of the (houlder, fo that the gun placed in 
that angle grazes all along the counterfcarp : 
the raveh'n is of a due proportion, its fa- 
liant angle is neither too narrow nor too open, 
and its faces cover the, flank of the baftions 
fufficiently from being i^tvi obliquely. 

The orillons are made 5 toifes long on- 
ly, which appears to me fufiicient for co- 
vering the retired flanks, and by making 
them* fo, the flanks are larger than if they 
were made 9 toifes, as M. Vaubans : the 
. rams-horns have feveral advantages over the 
common tenailles 5 they cannot be enfiladed, 
.' leave more room between them and the 
flanks. To ttat the rubbifli from the flanks 
do not incommode the troops in the rams- 
horns; and being circular, they fee not only 
the ditch diredly, but likewife the level 
ground. of the ravelins, and the oppofite co- 
vert-ways they alfo refift the oppofite bat- 
teries 
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teries much better, and are of lefs expence in 
their conftru<3ioji, and therefore preferable in 
all refpeds to the common tehailjes. 

If thefe flanks are not thought fufEcient, 
another might be made behind them, in 
any polygon above an exagon, without mak- 
ing the gorges of the baftions too narrow ; 
there might even be made another in an ex- 
agon, provided the firft be only 20 feet retir- 
ed, and this would be fufficient to cover it. 

By drawing the line which terminates the 
retired flank from a point g within, five, or 
rather ten toifes from the faliant angle B of 
the oppofitc bafliion, a gun may be placed 
at the extremity of that flank, which fees 
into the breach made in the face AE, and 
which cannot be feen from any part of the 
oppofite covert-way, and therefore cannot 
be difmounted bqt by mortars, which is, not 
£0 cafily done. 

To conflruEi Horn and Crown-worh. 

When there is a neceffity to conflrudt 
horn or crown-works, either to cover a gate, 
or to occupy a fpot of ground which might 
be advantageous to the befiegers, and which 
t:an no other ways be taken into the fortifica- 
tion J then the diftance AD from the front of pj' ^j^-- 

H 3 the ^* ' 
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the horn-wprk to the faliant angle A, of the 
ravelin or baftion, fliould not exceed loo 
toifes, otherwife the branches cannot be well 
defended by the oppofite faces of the baftions 
or ravelins; they (hould only be about 80, 
as in this figure, if it may be done ; the 
front EDF is 120 toifes ; the perpendicu-» 
lar DC one fifth part of the exterior fide, 
th^t is, 24, and the faces 30 ; and fo in pro- 
portion to the exterior fide : the arc defcribcd 
for finding the pofition of the retired flanks^ 
ihonld have a radius of 15 toifes, and the 
ditch 12 ; that the counterfcarp of the ditch 
may terminate at the extremity of the orillon 
which is but 5 toifes long, the flanks are as 
much retired, and made in the fame manner 
as thofe in the body of the place : we have 
added rams-hords inftead of tenailles, in or- 
der to get as much flank as could be. 

The branches of the born- work terminate , 

on the faces of the baftions within 30 toifes of 1 

the {Koulders, the ditch is 12 toifes, the para- 
pet of the horn-work is 12 feet high, as well 
as that of the ravelin which is conftruded 
in the manner defcribed before 5 that is, by 
defcribing- an arc from the angle of the flank 
through a point in the faces of the horn;- 
work, 12 toifes diflant from the (houlder, 

whofe 
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whofc interfedion with the perpendicular 
CD produced^ will give the Valiant angle of 
the ravelin; the faces terminate within 3 
toifes of the flioulder ; the ditch of the ra- 
velin is but 8 toifes ; the retrenchments S 
are conftrufted by producing the branches, 
and the counterfcarp of the ditch before the 
ravelin, till they meet ; and by fetting off 25 
toifes on that counterfcarp, for the firft, and 
20 more for the fecond ; then if from the 
point O, as center, arcs are defcribed through 
thefe points, which meeting the branches 
will give the other points through which 
the retrenchments pafs; ' they are made of 
earth only, their parapets (houldbebut 9 feet 
higher than the level ground, with a berm 
of 6 or 8 feet, and a dry ditch of 4 toifes 
before them. 

The diftance A B or radius of the arc. Fig. 2. 
which pafles through the points C, B, D 
of the crown-work, is loo toifes, and fhould 
not exceed 120 or 130 at moft; the exterior 
fides BC, BD are lOp like wife ; the perpen- 
diculars 20, that is, one fifth of the exterior 
fides ; the faces 26 | the radius of the arc, 
which ferves to determine the pofition of the 
flanks, is 15, and the ditch 12 ; the branches 
terminate on the faces of the baftions within 

H 4 30 toifes ^ 
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^otoifes of the {houlders, in the fame man- 
ner of thofe of the horn-hork ; the rave- 
lins are conftruded in like manner as in 
the horn-work ; as likewife the retrench- 
ments S, except that the firft is only 20 toifes 
from the great ditch. 

Remarh on this conJiruEiion. 

The branches of thefe works are more dir 
reflily defended by the faces of the baftions, 
than thofe which are ufually made ; the 
flanks much larger, and covered by the oril- 
lons, and the rams-horns added to the flanks^ 
make together a larger battery than can be 
ereded againft them, which is a maxim in 
fortification, to be obferved, if poflible 5 
otherwife the flanks are foon defl:royed, the 
faces become dcfencelefs, and fo the work 
may eafily be taken. 

It is to be obferved, that there fhould 
be a row of palifades placed in the middle 
of the dry ditches before the retrenchments 
S, and the parapets of thefe retrenchments 
fhould be a row of palifades placed about 
3 feet above the berm horizontally, or ra-: 
ther with the points a little downwards, 
that the grenades may roll off into the 
ditch. ^ For, 
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For, if this precaution is not taken, the 
enemy might purfue and follow the troop$ 
which defend thefe works, fo as to enter 
yrith them into the retrenchments, and there* 
by get matters of them at the fame time the 
horn-* work is taken. 

Becaufe the retrenchments S making equal 
angles with the branches, and the counter-* 
fcarp of the ditch before the ravelin, they will 
defend the level ground before them in the 
moft direft manner, as we have {hewn in the 
conftruiSion of our flanks, and therefore is 
preferable to any other pofition that can be 
given to thefe retrenchments. 

The reader will eafily imagine, that there 
mufl be a barrier or gate in the ditch near 
the branches of the horn or crown-work ;. 
likewife a fally port under the parapets, for 
the troops to retire through, when the work 
is taken. 

ConfiruEiion of a place with detached 
Bajiions. 

As a garrifon feldom or never fufFers the 
enemy to make an aflfault on the baflions 
when they are joined to the place, for fear 
of being put to the fword, and the town 

facked^. 
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facked, the baft ions are never capable of 
making a defence anfwerablc to the cxpencc 
of building them ; it cannot therefore be 
faid, that fuch a place anfwers the intent 
for which it was fortified. 

It was for this reafon, that M. Vauban 
invented his fecond and third methods^ as 
wc have already mentioned in their con- 
ftru(3iqn : but as his tower-baftions will 
hardly anfwer the great expence of their 
l>uilding, we thought it would not be im-^ 
proper to propofe two methods, of the fame 
nature, in which it has been endeavoured to 
make every part anfwerable to the expence 
of building them; as like wife todifpofe them 
in fucb a manner^ as to make the beft de- 
fence that they will admit of. 
PLXVII. ^^ ^^ interior fide AB of an oftagon 
be 130 toifes 5 take Ab, Bn, equal to 12 
toifes, for the femi-gorges of the fmall ba- 
ftions, and as much for their capitals Ac, Br, 
from the points c, r, draw the lines c n, r b 
to the extremity of the gorges, and make 
the flanks b d, n m perpendicular to the lines 
of defence ; the ditch is 6 toifes at the fa- 
liant angles c, r, and its counterfcarp drawn 
to the extremities of the flanks of the de- 
tached baftions. 

The 
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The capitals c C, r D of the detached 
baftions are ^^ toifes, and the lines of de- 
fence are drawn to the extremities b and n 
of the interior flanks; 18, faces are 605 the 
radius of the arc, which ferves to determine 
the poiition of the flanks, 18, and the ditch 
1 6 at the. faliant angle. 

The ravelin is confl:ra(aed, by defcribing 
an arc from the extremity of the flank, as 
center, through a point in the oppofitc face 
of the baftion, within 20 toifcs of the fhoul- 
der, which arc interfcdls the capital of the 
ravelin at the faliant angle ; the faces termi- 
nate within 5 toifes of the fhoulders, the femi- 
gorge of the redoubt R is 1 5, its faces pa- 
rallel to thofe of the ravelin, and its parapet 
2 toifes; the ditch of the ravelin 12, and 
that of the redoubt 6. 

The femi-gorges of the places of arms 
are 20 toifes, ihofe of the ftone redoubts p 
within them 12 ; the faces of the places of 
arms are 25 ; and thofe of the redoubts, 
parallel to them, with a dry ditch of 3 toifeS 
bcfofe them ; the covert way is 6, and the 
glacis 20. 

The faces of the tenailles are 16 toifes, 
the paflage between them and the flanks of 
the baftions 3 ; their flanks are parallel to 

the 
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the others, the curtain is drawn through 
the poiiits where they meet the lines of 
defence, and the infide of thetenailles is ter-i 
minated by lines drawn through the extre- 
mities of the flanks of the detached baflions. 



Remarks on this cgnfiruSiion. 

This method anfwers perfedly the intent 
for which M. Vauban has invented his fecond 
and third methods ; for the fmall baftions 
are more extenfive than the tower baftions, 
and yet coft much lefs in their cpnftrwdion ; 
and tenailles adding a lower flank to that of 
the detached baftions, renders there fire fu- 
perior to that of the befiegers \ and to fecure 
the lower flanks from the enfilades, a part 
of the faces, next to the fhoulders, (hould be 
raifed about 3 feet higher than the reft, for 
the fpace of 4 or 5 toifes. 

The town wall fliould be of the fame 
heigh ti and. no more than the detached ba- 
ftions and ravelin ; for which yeafon we 
made them a)l 15 feet high, the tenailles 3, 
and the ditches 12 feet deep ; and if the 
works were only 1 2 feet high, it would be 
fuflicient*. 

It 
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It is the opinion of fom« modern engineers^ 

' that if all the works were of the fame height* 

it would be much better, than to make the 

inner ones fo as to exceed thofe before them 

by 8, 10, or 12 feet, as is cuftomary. 

For it is evident that thofe high walls 
increafe the expence prodigioufly, and may 
be battered at a great diilance ; fo that be-* 
fore the enemy have carried their approaches 
near the place^ all the defences are rained 5 
which will not happen, if a work cannot 
be difcovered till that which is before it is 
taken. 

It is faid that when the works exceed 
each other in height, the enemy can be 
fired at from all at them at once ; but this 
is of no advantage : for they may raife bat- 
teries at 300 toifcs diftancefrom the place, 
and from thence difmount all the guns ; 
which being continually kept playing, will 
prevent the garpfon from creding new batte- 
ries ; and. the guns being once difmounted, 
the fire of the fmall arms can produce no 
great efFed againft the trenches. 

Inftead of which I would chufe to place 
ugns in the places of arms, and keep them 
there till fuch time that the covert way is in 
danger of being attacked, and then remove 

them 
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them into the inner works, and fo from one 
to.another, till into the body of the place; 
for if the guns in the baftions, or counter- 
guards and ravelin, are not difmounted till 
fuch time the covert- way is attacked, it will 
be a difficult matter to get and remain in pof- 
feflion of it. 

All the objedtion that can be made againft 
low walls, is, that they are eafily enfiladed 
^)y the ricochet batteries ; to avoid which, 
the faliant angles of all the works (hould be 
raifed about 4 feet above the other parts, for 
the fpace of 5 or 6 tqifes on each fide ; and 
the rampart (hould likcwife flope towards 
the place by 2 or 3 feet: this has been 
done by M. Fauban at New Brifach^ and by 
M;» Coeborn at Bergen-op-zoom -y which being 
the laft places that thefe great men have for- 
tified, is fufficient to determine others to fol- 
low their examples. 

The redoubt p in the place of arms, fhould 
be a wall of 3 feet thick only, with loop- 
holes, and no higher than the glacis, or 
rather two feet lower, fo that they cannot 
J>e difcovered but from the ridge of the gla- 
cis J the infide of them may be 2 or 3 feet 
Jower than the reft of the covert- way, and 
So as to flope towards the ditch, that if any 

grenades 
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grenades or (hells (hould fall into thenii they 
might roll into the ditch. 

The redoubts R in the ravelin ought to 
have a parapet of 1 2 feet thick only^ as be- 
ing fufficient to oblige the enemy to raife a 
battery in the ravelin to deftroy it, which is 
all that is wanted ; they ferve to retire into 
when the ravelin is taken, and obflrud: the 
lodgments there ; from whence the troops 
may retire into the body of the place, when 
they can hold out no longer. 

As to the flanks, they are fo difpofed as to 
defend the ditch in the befl manner poflible, 
and fince the detached baAiohs are wide and 
fpacious, a third flank may be added, if it 
is thought neceffary. 

ConfiruEiion of a place with detached 
Orillon Bajliom. 

Let the exterior fide AB of an o<ftagon PIXVIIL 
be 200,toifes, the perpendicular CD 40, that 
is a fifth part of the exterior fide, the faces 
AE^ BF t^c^ 5 the radius of the arc, which 
ferves to determine the pofition of the flanks, 
22 ; the ditch 16 at the faliant angles ; the 
orillon 5 ; the flank is retired 5 toifes ; and 
the line k d, which terminates the flanks, is 

drawn , 
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drawn from a point d in the fabe,^ at 5 toifes 
from the faliant angle : the {houlders of the 
tenailles are 20 toifes from thofe of the ba- 
ftions 5 the flanks parallel to the others, and 
the curtain is drawn through the points of 
interfe£lion of the flanks and lines of de- 
fence. 

Take on the lines El, F h, drawn from 
the extremities of the faces parallel to the . 
flanks, and which terminate the infide of the 
tenailles, the parts 1 n, h m, each of 6 toifes, 
for the breadth of the ditch ; and upon the 
exterior fide r n, conftrudl a front of a po- 
lygon by making the perpendicular 12, and 
faces 20 toifesi 

The redoubts V are made of a wall 3 feet 
thick only, with loop-holes; their faliant an- 
gle is determined by the counterfcarps of the 
inner ditch produced, and the faces termi- 
nate within three toifes of the fhoulders; the 
ditch about thefe redoubts is 4 toifes. 

The ravelins and covert- way are con- 
ftrudted in the fame manner as thofe in the 
former method. 

- Remarks. 

This method being more expenfive thaa 
the former, has the advantage in proportion; 

the 
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the ditch is defended by large double flanks^ 
which will hold more guns than the enemy 
can oppofc ; for we fuppofe the body of the 
place and the detached baflions to be but 3 
feet higher than the glacis, that is^ 10 feet 
above the level i fo that the flanks cannot be 
difcovered but from the ridge of the glacis ; 
the redoubts V afe of fpecial ufe to retire into 
when the detached baflions are taken, and 
to obflrud the lodgments there; and as the 
communication from thefe redoubts into the 
body of the place cannot be fecn from any 
part, this fafe retreat is of great advantage j 
for by this means the troops will be able to 
maintain their ground to the lafl extremities } 
iieither can the flanks of the inner front be 
difcovered but from the level ground of the 
teftailles, which therefore ^ would make but 
d, foot above the water in the ditch, fo that 
there will not be a fufiicient (quantity of earth 
to raife a battery* 

If the flanks and faces of the tenailles 
were arched and open behind, it would be 
much better, for by that means the enfilad-* 
ing them v^ould be impoflible, neither would 
the fhells have any eflfed: upon them > ai>d 
then the upper flanks might be made two 
or three feet lower than the faces, which 

I would 
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would prevent the enfilading them by the 
ricochet batteries; but if this (hould be 
thought too expenfive, J would make the 
upper flank 7 feet above the level, that is, 
2 feet lower than the faces, and the lower 
one 3 feet above the leycl ; but then the faces 
of the tenailles muft be 4 feet higher thaa 
the flanks, to cover them from the enfilades: 
for it is of the greateft importance to prevent 
the enfilading the works as much as ppflible, 
fince it is much more dangerous than to be 
feen in the front, and it is too dangerous to 
defend fuch a work : this and the fecuring 
the retfeats from one work into another, are 
the two greateft advantages to be gained in 
a good fortification ; and for which the ftone 
redoubts in the places of arms, in the de- 
tached baftions, and thofe in the rslvelins, 
are all that can be done ; for vv^hen thofe 
works, can be.no longer defended, the be- 
fieged watch their opportunity in the dark, 
or when the enemy's fire flackens, to crofs 
the ditch and retire ; for it would be im- 
prudent to defend them to the laft; and 
there (hould be mines to blow them up, 
when they can be of no further ufe. 
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ConJiruEiion of a Place with Lunettes 
and Counter guards. 

This figure is an odagon, whofe exterior pj^ix. 
fide is 200 toifes, the perpendicular 30, and 
the faces 55 ; the radius of the arc which 
terminates the pofition of the flanks is 20 
toifes, the orillons are 5 ; the firft flank is 5 
toifes retired, and the fecond 10 from outline 
tci outline ; the rampart of the lower flank 
is 4, and the ditch behind it 3 ; the faces are 
4 feet higher at the faliant angles, and three 
at the (houlders, than the flanks and curtain, 
and that cxcefs (hould be of turf: the ditch 
is drawn from the extremities of the orillon 
parallel to the line which ferves to determine 
the pofition of the flanks ; the tenailles, or 
rams-horns m, are defcribed from the point 
of intcrfcdtion, of the line of defence pro- 
duced, aqd a perpendicular to the faces pro-* 
duced 3 toifes \ and they are terminated by 
a line 3 toifes diftance from, and drawn pa- 
rallel to the curtains. 

The femi-gorges of the ravelins R are 
20 toifes, their capitals 30, and the ditch 
before them 6. 

The Temi-gorges of the lunettes n, the ^ 
onefis 15, and the other 30 toifes ^ and the 

I a faces 
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faces arc drawn perpendicular to thofe of t&cr 
ravelin and the baftions, the ditches before 
them are 8 toifes. 

The counterguards a arc 7 toifes broad' 
at their extremities, and the faces perpendi- 
cular to thofe of the lunettes, or parallel to 
thofe of the baflions: the ditch before theai 
is 10 toifes. 

The bonnet h before the ravelin is la 
toifes broad at the ends, and its faces are pa- 
rallel to thofe of the ravelin, or perpendicu- 
lar to thofe of the lunette : the ditch before 
this work is 10, the covert way 6, and the 
glacis 20 ; the places of arms r^ are found 
by fetting off 20 toifes one way, and the 
perpendicular drawn through that pointy, 
meeting the face of the lunettes produced* 

Remarks on this conJiruStion. 

As all the'defences of thiis place are dired'^. 
that of a ravelin excepted, the works will^ 
be in a Condition of making as great a refin- 
ance as can be expcded y the curtain, rave- 
lin, lunettes, and bonnet, fhould be all of 
the feme height; as likewife the counter- 
guards and baftions, fo that the baftions 
: may not b^ feeix but from the counterguards, 
. where 
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where there is not fufficicnt room for making 
batteries to deftroy the flanks; the rams- horns 
ferve to fally out into the ditch, when dry, 
or to harbour boats behind them when wet ; 
their level ground (hould not be above 4 or 
5 inches above water, or even with the bot- 
tom of the ditch when dry ; and as they can- 
not be enfiladed from any part, their grazing 
fire will extremely well defend the great 
ditch, and that befoce the ravelin,; as like- 
wife the level ground of the ravelin, lunettes, 
and countcrguards. 

The reafon that the rams-horns are not 
continued quite to the curtain is, that the 
fplinters from the wall may not hurt thofc 
in the rams-horns, it faves likewife fome 
expences, .and this paflage may ferve in .a 
wet ditch for boats to go out and come in, 
and the part between the lower flank and 
the rams-horn ferves as a fafe harbour for 
the boats, or as a place of arms when the 
ditch is dry. 

Although thefe baftions are of as great a 
defence as poflible, yet the enemy will in 
time be able to ruin the flanks, and make 
breaches in the faces ; and this being once 
accomplifhed, the garrlfon will be obliged 
to furrender, unlefs fome other defence be 

I 3 found; 
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found ; for which reafon, good retrench- 
ments, fuch as marked S, (hould be partly 
made, cither at the fame time that the place 
is built, or in time of peace, with a good 
ftropg wall and a ditch before it; as like- 
wife with countermines under them, to pre- 
vent the enemy from blowing them up with 
their mines j and from the bottom of this 
ditch, galleries might be carried on under 
any part of the baftion^ to blow it up, when 
it can be defended no longer above ground : 
I faid that thefe retrenchments (hould only 
be partly made; becaufe, there mull be 
about 4 toifes left unfiniflicd at each end 
near the flanks, in order that there may be 
fufficient room behind the flanks to place 
cannon ; and when the attack js once made, 
the parts next to the flanks, which are of 
jio.ufe, may then be finifhed, and the other 
afterwards, when the flanks are of no further 
ufe : by this means the baftions will be able 
to make as great a defence, as if they were 
detached. 

For it is in vain to pretend that a place 
fhould make a long and flout defence, though 
ever fo well fortified, if the governor either 
wants means, or does not know how to de- 
fend it i and there ought not to be a (ingle 

work 
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work but what (hould be defended inch by 
inch, and when the works are fpacious 
enough to admit of retrenchments, there 
ihould be as many made as can be done : the 

* works muft not only be thus difputed above 
ground^ but likewife under ground ; for all 
the parts where the enemy is likcjy or muft 
make lodgments, fhould be countermined, 
in order to blow them up when they can be 
no longer maintained above ground. 

The expcnce of making countermines and • 
retrenchments is inconfiderable, in refpeft to 
that of building the fortification, and yet they 
may lengthen the defence confiderably* It 
appears (hameful, that as foon as a breach is 

, made in the baflion, and often not wide e* 
nough to maAe an afT^ult, the garrifon (hould 
be obliged to capitulate ; it feems that the 
baftions, which are the nfioft confiderable 
part of a fortifics^tion, and coft moft, (hould 
ferve more as 9 (hew than as a real additional 
(Irength to the place ; this is undoubtedly 
owing to the incapacity or flothfulnefs of 
governors, \yho think more by what means 
to make moft. money of their places, than 
how or in what manner the town is to be 
defended, and to provide in time againft the 
dangers which may happen in an attack. 

I 4 That 
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That a town may make a confiderable 
• defence, though moderately fortified, is no 

romantic fancy, as evidently appears by the 
lieges of Vienna and Candid^ when they were 
attacked by the "Turks ; there was not a foot 
of ground gained by the befiegers, which 
the befieged did not immediately cut off; 
the former made a defence of near three 
ttionths till it was relicfved, and would have 
continued fo to the laft inch of ground of the 
>vhole town, if it had not, and the Jattcr 
held out ten years. 

In order to form a better judgment of 
thefc three new conftruftions, we have added 
the profiles of the feveral works;, and which 
ftre nearly the fame as tbofe the French made 
pfe of in foqie of the laft places they have 
fortified. Though we h^ve ufed the oda-* 
< jgonal polygon here, yet the fame works will 
do in any other above an exagoa with fome 
very few variations in r?rpe<3t t© the diredt 
defence. 

. ^ ConJiruSiion of MJ Bei.ii>6rV Jirft 

methods ; 

lUtcXK, This figure is i part of^ah oftaggn, whofe 
exterior fide A B is 200 tb jfcs^ th ejicrpen* 

dicqlar 
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dicular CD, 50 ; the faces AE, BF, 70 j 
and the flanks are found according to M. 
Vauban\ method. 

Xhe line joining the extremities a and b 
of the flanks of the fame baftion, ferves as 
an exterior fide to trace the front of a poly- 
gon ; whofe perpendicular cd is 13 toifcs, 
the faces 22 : the parts d f of the lines of 
defence, which terminate the flanks, are 14.; 
the dry ditch before this front is 10 toifes at 
the points a^ b, and the counterfcarp termi- 
nates at the oppofite fhoulders. 

The rams-horns g^ are defcribed from a 
point, in the middle^^f the faces of the in- 
terior front, as centers, with a radius of 25 
toifes. 

The retrenchments H are drawn from a 
point in the face, at 15 toifes from the 
flioulder to the points b, a^ and are 25 toifes 
long ; the orillons k 1, 8> and the flanks n m 
are 8 toifes retired near the orillon, which 
are the chords of an arc from the oppofite 
flioulders ;, the ditch before thefe retrench- 
picnts is 8 toifes near the parapet of the 
baftions, and its counterfcarp directed to the 
(houlders. 

The faliant angle of the redoubt B touches 
the interfe£tions of the curtains produced, 

and 
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and the faces terminate on the faces of the 
inner front within 3 toifcs of the fhoulders ; 
its ditch is 3 toifes; thefe redoubts are a flone 
wall of 3 or 4 feet thicks with loop-holes in 
the faces. 

The author having made no outworks to 
this fydeth^ we have added ravelins and a 
i covert way made in the ufual manner; the 
jgfeat ditch is twenty toifcs before the faliant 
angles of the baftion, and its counterfcarp is 
direfted to the (houlders ; and the faces of 
the ravelins to the outline of the retrench- 
ments H. . 

Remarks on this conJiruSiion. 

This fortification has the advantage of all 
thofe which have detached baftions ; the re- 
trenchments within are of a good defence ; 
but they lake. up too much ground, efpecially 
the ditches, which ground might, in my 
opinion, be better difpofed of; befides, if 
the breach was; made at h F, by the guns 
placed in the oppofite place of arms and 
ravelin, the befiegers would 6nd a lodgment 
H ready made, >vanting only a part oppofite 
to the face or the inner front. But the 
flanks 'of thefe Urge baflions, which are 

about 
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about 26 toifes long, feern to be too fmalU 
and the great ditch too larger for if it was 
only 15 or 16 toifes at the faliant angles, 
and the counterfcarp diredled to the flanka 
within 2 or 3 toifes of t|?e (houlders, the 
beiiegcd would not find fo much room to 
place their counter-batteries. 

The ditch before the inner front might 
be fmaller, that is, of about 5 toifes 5 and 
then, the flanks would become fo much the 
longer. * 

As the ditches before the retrenchments 
H are diredlly oppofite to thofe before the 
ravelin, the author defigned to make a bat- 
tery in them ; for which he reafon he carries 
that ditch through the parapet, and leaves 
only the walls to cover itj but as the enemy 
might foon deftroy the wall, and therefore 
need make no other breach to enter the 
baftion, we have continued the pariapet, 
and thofe batteries might be arched and open 
behind. 

CqnJlruEiion of M. BeudorV fecond 
method. 

This figure is again a part of an 0(aagon,pi.xxi. 
whofe exterior fide A6 is 200 toifes; the 

per- 
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perpendkular CD, 55, and the faces, AE> 
BF, 70, as in the former; and the flanks* 
are likewife found according to M. Vaubari% 
method. 

The line ab^ which paffcs through the 
extremities of the flanks, ferves as an exte- 
rior fide to the inward polygon j whofe per- 
pendicular c d is 5 toifcs, the faces 24, and 
th? flanks are chords of arcs defcribed from 
the oppofite (houlders of the detached baftions 
as centers. 

This inward polygon is nothing elfc but 
a ftrong wall, behind the curtain of which, 
and of about 18 feet diflant from it, is a 
parapet or epaulement of earth 3 toifes thick ; 
and within the baftions are cavaliers, whofe 
fronts are circular arcs defcribed with a radius 
of about 23 or 24 toifcs ; the flanks are 7 
toifes long, and gorges 32. 

The counterfcarp of the ditch before this 
polygon is 7 toifes at the faliant angles ^, b^ 
and parallel to" the curtain. 

The rams-horns or tenailles touch the lines 
of defence within. 3 toifcs of the {houlders, 
and are defcribed fo as to meet the other lines 
of defence in the fame point as the cpunter- 
fcarp of the inner ditch. 

The 
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The outline of the curtain between the 
rams^horns i$ 9 toifes from the ditch. 

The exterior fide h k of the retrench-* 
ments within the detached baflions, meets 
thefaces within ao toifes from the (houU 
ders ; the perpendicular m n is ly^ the faces 
hi, 20; the chord on which the orillon is 
defcribed is 5 toifes, as likewife the retired 
part of the fiank i the flanks and orillons are 
madp according to M. Vauban\ method* 

The circular curtain and the round part 
of the ditch behind it, are defcribed with a 
center, 2:5 toifes diftant from the points a^ b. 

The great ditch is 20 toifes before the 
faliant angles of the detached baflions, atid 
is fuppofed to be dry ; for which reafoft 
M. BeMor ycL'dA^ a'caponiere to go from the 
curtain to the ravelin, of 1 8 or 20 feet wide,: 
whoie parapets terminate on both fides in a^ 
flope or glacis. 

- The capital of the ravelin Q is 66 toifes^ 
that of the redoubt P, 30 ; the faces of the* 
ravelin are directed to thofe of the retrench- 
ments within the baftion, and th^fe of the 
redoubt, to the ftioulders ; the batteries in the 
ravelin are retired 8 toifes behind the faces ; 
the ditch of the ravelin is 12 toifes, and that 
of the redoubt 7. 

The 
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The fcmi-gorges of the lunettes R arc 25 
toifes, and the faces perpendicular to thofe 
of the ravelin and the baftion ; the ditch 
before them is 8 toifes, and the batteries S 
are retired as much, and are 15 toifes long : 
laftly, the covert-way is 6 toifes* 

' Remark on this confiruEiion. 

If the parapet behind the curtains, and 
the cavaliers in the baftions, of the body 
of the place had been joined to the wall, 
it would have been much better, fince the 
wall will foon be deftroyed, and thereby 
open the place at once : the perpendicular 
of the great polygon is a great deal too long, 
it makes the. baftions too big arid expenfive; 
the great ditch is likcwife too wide 5 the 
earth taken out of it will be more than is 
required for raifing the ramparts. As to the 
outworks, they feem to be esrtreamly well 
difpofed, and capable of a good defende, 
excepting the retired batteries in the ravelin 
Qji*e, for the greateft part, covered by thofe 
of the lunettes R; for which reafon, lunettes 
difpofed in the manner reprefented in the 
19th plate are, in my opinion, of a much 
better defence than thefe here ; but the 

whole 
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whole work together is too cxpenfive to be 
ever made ufe of; for it would require aimed: 
a whole army « to defend thefe works» and 
if we confider the prodigious quantity of 
ftores and ammunition required, one may 
eal^ly perceive that this fortification will 
never be ufed. 

ConJiruEiion of M. Belidok s third 
method. 

• This figure is likewife a part of an odla- Pl. XXn. 
gouj whofe exterior fide AB is 200 toife^^ , 
the perpendicular CD, 40 ; the faces AE, 
BF, 55 \ the parts Dr of the lines of de- 
. fence, between the perpendicular and the 
broken part of the curtain, 30; and the 
length of the broken parts rn, 25 ; the 
orillon is ^9, and is part of a flank found 
according to M. Vaubans method; the flanks 
are 8 . toifes retired, and are arcs of 60 
degrees ; the outlines of the rams-horns are* 
13 toifes diftant.from each other; the pafif- 
ages at their extremities are 3, the.outmod 
or lowed is defcribed with a radius of 30 
toifes, and the other is defcribed from the 
ikmc center. 

Wc 
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Wc have omitted the cavaliers placed in 
the gorges of the baftions^ as being accord- 
ing to our notion fuperfluous. 

The center R of the arc KL is 1 8 toife« 
diftant from the re-entring angle of the coun* 
terfcarp ; the chord KL is 44 toifes^ as well 
as the other face of the lunette V and the radius 
RK, 88 I the battery H is 10 toifes retired* 

The figure m is a redoubt made of a ftone 
w^all full of loop-holes, with a ditch of 2 
toifes before it* 

The ditch before the lunettes is 12 toifes at- 
the faliant angles, and itscounterfcap directed 
to the extremities of the oppofitc faces. 

The capital of the ravelin W is 44 toifes^ 
the femi*gorges^ 31; the .flanks are 9 toifes^ 
and diredled to the fhoulders of the baftions« 

The ditch before the ravelin is 10 toifes^ 
and the covert-way 6. 

The glacis T, 1>efore the faliant angled 
of the baftions, is 15 toifes broad ; the fen%^ 
gorges of the places gf armsX are 26 toifes i 
^and thofe of the redoubts, or ftone wall within 
them, 20, reckoning from the edge of thd 
.glacis T;.and the faces are drawn i^arallel 
to the oppofite femi-gorges. 

The redoubts S within the lunettes, ar0 

alfo made of a wall 3 or 4 feet thick, full 

.6 of 
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of* loop holes^ with a ditch of 3 toifcs be- 
fore them* 

The dimenfions of the arrows and de- 
tached redoubts, are the fame as thofe in M^ 
Vaubari% methods, only the arrows have flanks 
parallel to the pafTage of 10 toifes« 

Remarh on this conJiruEiion^ 

M. Belidor commits tbe fame faults in all 
his works, as almoft all thofe who fortify 
upon paper only i by confidering how a place 
might be ftrongly fortified, without troubling 
themfelves about the expences of buildings -' 
or the great number of troops to defend it| 
imagining, I fuppofe, that a Prince or State, 
fliould fpare no cxpence to fecure the fubr 
jefts againfl: a powerful enemy. If it were 
drily for the expence of building them,. I 
fhould be of their opinion 1 but when it is 
confidered how much artillery and ammu- 
nition is required, together with the great 
number of troops to defend fuch places, i;^ 
■lay eafily be conceived, that their firft no* 
tidns mull neceflarijy van ifli into fmoak. 

But let us enter into particulars ; the 
redoubts m are intended to fecure a fafe re- 
treat from the lunettes when they are taken ; 

K but 
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but as the bcfiegers may eafily deftroy them 
with the fame guns placed in the oppofitc 
ravelin, which fcrvc to batter the faces of 
the lunettes, ^s likewife the curtain of the 
body of the place, they will hardly anfwer 
the purpofe for which they were dcfigned y 
he'(hould have added a parapet of 12 or 15 
feet, which would have effedually fecured 
the retreat. The lunettes might have beenr 
condruded fo as to defend each o^her di- 
reftlyi as Hkewife to be defended diredlly by 
the oppofite faces of the baftions; and if 
there had been made counterguards inftead 
of the glacis T, they would have covered 
the baflions and the oppofite flanks/ and 
would not be liable to be takea fword in 
hand, as thcfe works may be taken. I fup- - 
pofe the author intended to fecure them 
with pallifades, but when the pallifades are 
higher than the glacis, the bcfiegers guns- 
will foon deftroy them, and make their de- 
fence more dangerous than ufeful ; if they 
are equal in height with • the glacis, and 
placed near the parapet, the enemy jumps 
over them ; and if they arc farther off, they 
are troublefome, and eafily deftroyed by the 
ricochet batteries ; from whence it may be 
concluded, that thefe works are of little or 
no defence. The 



Digitized by 



Googk 



OF FdRtlFlCAtlON. 131 

The places of arms are too fpaclous, and 
the counterfcarp of the ditches before the 
detached redoubts being parallel to theHanks^ 
render the ditch before the faces defcnce- 
Icfs, and therefore ferve as retrenchments 
teady to receive the enemy, without reqiiir- 
irig fo much as a traverfe to cover them j 
the flanks of the arrows are made with no 
more judgment than thefe ditches. 

The rams-horns afe certainly very well 
Contrived ; they are much preferable to the 
tenailles'; they cannot be enfiladed from any 
Dne place, refift better, by their bending out- 
Ivards, the eneoiy's batteries, and render thd 
flanks much fuperiqr to any battery that 
the enemy can raife againft them ; but the 
retired flanks have the fame defe<fl: as thofe 
of M. Vaiibatis^ which we have fliewn be- 
fore: it is furprifing, that no author his ever 
obferved the badnefs of thefe kinds of flanks; 
the great character which M. Vauban has 
juftly acquired, has probably impofed upoa 
their underftandihgs. The ftone redoubts S, 
and X, in the lunettes and places of arms, are 
undoubtedly very good, they add much 
ftrength to thofe places, and fecurc a retreat 
to the troops which defend them. 

Ka ' Cm- 
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ConftruEiion of M. Blond klV 
. method. 

Pl.xxiir. M. J5/aW^/eftablifli« two forts of fortifi-* 
cations, %'iz. the great, whofc exterior fidcr 
he makes 200 toifcs, and that of the little 
170 J he begins with the angle made by the 
exterior fides and the lines of defences, 
for which he obferves the following rules. 

Subtradl 90 degrees from the angle of 
the polygon, and take the third part of the 
remainder, fa which add 15 degrees, and^ 
the fum will be tlie angle fought* For 
example, in zn exagon, rhe aiigle of the 
polygon is 1 20 degrees ; from which take 
90, and there remains 30, the third part 
cif which is 15 ; this added to 10, gives 25 
for the angle required. 

He makes likewifc his lines of defence 
equal to tV of the cxtcrioi" fide; that is, 119 
or 120 in the little, and 140 in the great; 
this being premifed, the con{lru(aion is as 
follows. 

Let the exterior fide A B of an exagon 
be 170 toifes; the angles ABC, BAD, 25 
degrees each ; the lines of defence AD, BC, 
120 toifes ; let G be the point of inter- 

.. • fcilioo 
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fc6lion pf thefe lines, bifeft AO, BO in 
E and H| then will AE, BH be the faces, 
EC, HD the flanks, and CD the ftraight 
part of the curtain. I 

The orillons EI, LH, are 10 toifcs each, 
the flanks are retired 5 toifes behind the lines 
EC, HD ; in all ploygons above an cptagon, 
he makes the retired flanks from 10 to 12 
toifes difl:ant from thefe lines, in order to 
Jengthen the curtains, ' 

Each flank exceeds the flank before it 
9 feet in height, and they are 8 toifes di- 
ilant from outline to outline. j 

The counterfcarp of the ditch is drawn 
from the extremities I, L of the orillons, 
parallel to the faces of the baftions : the 
counterguards are but 4 toifes broad, ip or 
IZ feet of which are taken for the parapet s 
the ditch before them is 10 toifes. 

If from the ihoulder E, as center, there 
be an arc defcribed through the flioulder H, 
and from H through E, their interfecflion 
will be in the faliant angle of the ravelin, 
the faces of which are diredled to a point 
in the faces of the baftions within 6 toifes 
of the (houlders j the gorge of the ravelin 
is determined, by producing the faces of the 
counterguardsj the ditch of the ravelin is 12 
Ipifcs, R 3 ^ The 
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' The femi-gorges of <he lunettes V, ar^ 
f>o toxics : the faces are parallel to the coun- 
terfcarps of the ditches, before the ravelin 
jind counterguard, and the ditch before 
them, is 8 toifcs s the covert- w^y 6, and 
the fapes of the places of ^rms, which are 
likewife parallel to the counterfcarps, are a« 
much^ 

The retired batteries a?, in the baftions 
and ravelins, are 7 toifes frona the faces j 
jind their lengths are determined by the 
faces and counterfcarps produced of the ra- 
velin and counterguards* 

Jlemarks on this eonftruSion^ 

M. ^hndel wasi undoubtedly a great maq 
in his time, and had travelled all over Eu^ 
fope and America^ where 'he made very 
good obfervations of all the different man- 
ners of fortifying, by the feveral nations, 
as, appears by his fpnall treatife op fortifica-p 
tions. 

Notwithilanding his gfeat ilfill in difco- 
vering the faults committed by othcFS,^ and 
endeavouring to avoid them, yet he fell into 
others of much more confcquence ; neither 
^id he confider the great expence his pietho4 
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mlift cofl", (which is the cafe of moft au- 
thors) and likewife the numerous artillery 
required to defend it. 

However, if the works were of good de- 
fence, he might be excufed in ncgledling 
the expence ; but how far he has fucceeded 
in that refpefl:,' we {hall make appear. 

He imagines, that places are generally 
loft for want of having fufficient flanks, for 
which reafon he makes three, one behind 
another j but they are too near each other, 
fb t'hat the rubbifli of the upper flank muft 
certainly deftroy the ufe of the lower : be- 
lides, if any (hells fall into the lower ones, 
they muft inevitably deftroy the troops that 
are there, as not having room enough to a- 
void them ; thfey are likewife too open, and 
fo fti'ore liable to being deftroyed from the 
covert- way, for the ccSunterguards are not 
brbad enough to fcreen thofe flanks, as the 
author imagines ; fince a few mines will foon 
deftroy them, as we have obferved in M. . 
Co^borns method, who made his after M* 
Bhndel. . 

The low batteries at, are likewife too nar- 
row and too much confined ; though they 
might have been of good defence, before 
the ftiells were fo much ufed, which was 
K 4 perhaps 
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perhaps th^ cafe^ when this method was 
invented. 

Had M. Blonde/ known the ufc of ricp- 
chet batteries, he certainly would not have 
omitted the travcrfcs in the covert-way as he 
does; his places of arms ^re ^op fmall to 
make any tolerable defence. 

Jiis great ditch is too wide by much, for 
it is at leail 25 toifes before the faces of the 
baftions ; for the expencc of removing the 
great quantity of earth out to them, to a 
great diflapce, is both idle and needlefs. 

ConfiruBion of Count PaganV method. 

This author cftabliflics three forts of fori 
tifications, viz. the great, mean, and little, 
whofe principal drmenfions are contained \x^ 
|he following table* 
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Let the exterior M6 AB of an octagon 
be 180 toifesy the perpendicular 3O9 and 
the faces s^; draw the flanks perpendicu-M.XXIli. 
lar to the line of defence^ which bifed: by 
a line drawn from the oppoflte faliant angles; 
the one half ferves for the orillon, the firft 

flank 
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flank is 5 toifes retired behind the orillon, 
the others are 7 toifes dr(tant from outline 
to outline ; the faces of the cavaliers in the 
baftions are* paraillel to thofe of the baftions, 
and 1 3 toifes diftant from them. 

The great ditch is 16 toifes, and its 
counterfcarp parallel to -the faces of the 
baftions ; the capital of the ravelin 50, 
^d its faces iane drawn. to the Ihoulders; 
the fcmi-gofgc^-of the redoubt within the 
ravelin 15, and the faces paraTcU to thofe 
of the ravelin ; the ditch of the ravelin 
12, and that of the" r^opbt 6; the fa- 
liant angle pf 4hes counier^^arcT is 40 toifes 
diftant frqm : th^t of the baftion, and 9 
or 10 broad ;at the extriemities; the ditch 
before the count:9rgu^r4 i^ 12, which is 
the fame as. .that before' ihe ravelin ; the ' 
covert-way 4, and the faces of the places 
of arms 8r and (are parallel to the oppofite 
countcrfcarp. 

The author makes other outworks, as 
fio his iccpn^ mfethod* wh^ra the couiiler- 
IgH^r^ T gre 25 toifes broad 1 they ^iQ 
j<i>i.ncd by a crooked curtaini laken in tlxe 
faces produiCed;. the diftance AB between 
;tbe inw^d i^ni outward flank js 17 toifes, 
^Rud-divicjed into three c^twlp^tts, for the 

thrct 
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-three flanks j the capital of the ravelin V, is 
here but 35-'toifes, and the faces dirc<3:ed to 
the (boulders of the counterguards ; the 
ditch before the ravelin is 9, the reft is the 
fame as in the firft conftcudlion. 

All the ramparts are 7 toifes broad, out of 
which 3 are taken for the thicknefs of the pa- 
rapets ; in the fquare the lower flank is taken 
in the fame Hne with the orillon, but in all 
the reft they are 5 toifes retired behind it. 

The flanks exceed each other 12 feet 
|n height; the great ditch is id deep, and 
the body of the place is 36 high, taken 
from the bottom of the ditch ; the ditches 
of the ravelins and counterguards are i2 ^ 

deep ; and their ramparts are 24 high from 
the bottom of the ditch ; fo that the height 
of the body of the place exceeds that of the 
outworks but by 6 feet. 

The great advantage that this method had 
^bove all thofe which appeared then, has 
gained the author a great reputation, and his 
firft fyftem has been ufed in fcveral places j 
and though this is the only author who has 
given the true pofijion to his flanks, yet he 
has been found fault with on. that very ac- 
pount, as being too much expofed, and too 
pafily ruined by the enemy's counter-batte- 
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Digitized by 



Googk 



140 THE ELEMENTS 

ries ; moH: authors take it for a general tnaxltn 
that the diredl defence is the heft, and wc 
have proved it in the beginning of this 
fe£tion ; and yet a late French author, who 
takes M. Vauban to be his hero, fays, that 
if they were not fo direSt, they would he no 
lefs goody and it is not necejfary here to olh 
Jerve a geometrical exaBnefs ; but how this 
author reconciles his manner of arguing with 
the above-mentioned general maxim, is a 
"thing Ido not underftand ; for if this maxim 
Is not to be followed, it fliould i)ot be men- 
tioned : and if exceptions are to be made 
in certain cafes^ it is pot general. 

This author blames likewife Count Pagan 
for making his orillons equal' to half his 
flanks; by which means vhe fays, there is fo 
much of the flanks loft, and a lefler orilloa 
would have been fuflicient : in which he is 
miftaken, for there n^ay be 4 guns placed up- 
on the orillon ; and if the Count made hU 
retired flanks but half the ftraight flanks, it 
is becaufe he thought that there is room e- 
nough to place as many guns in them as are 
neceflary to defend th? ditch ; and by doing 
fo, they were better hid, and not fo eafily dif- 
mounted by the befiegers : it is certain, that 
his flanks are too near one another, and if 

therq 
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there were but two in polygons under an 
odagon, it would have been much better ; 
the ditch beforp the redoubt is but ill de- 
fended, which fhould never be made with- 
out making tenailles likewife ; Co that it 
might be defended from thence. • 

We have faid that his ramparts are but y 
toifes in general, fo that the parapet, which 
is 3, being taken from 7, there remains but 
4 toifes or 24 feet for the free paflagc and 
batteries, which is too little ; becaufe the 
platforms take up 18 or 20 feet, fo that 
there remains not room enough to pafs by 
with another carriage. M. Vauban made 
the level ground of his ramparts 30 feet, 
and fometimes more, in mod places he for- 
tified, though in his conftrudioh but 4 
toifes or 24 feet ; but as he never publiftied 
any thing himfelf, thofe that have given his 
works to the public have, I fuppofe, fub- 
ilituted their own dimenfions. 

His covert-way feems to Jbe toO narro\^, 
and the places of arms too incbrtfiderable, , 
for defending the glacis ; the hot making 
traverfes in the covert- way, is likewife a great 
roiftake 5 but as the ricochet batteries were 
not known in his time, there was not yet fo 
much ,occafion for them then, as there is 
now. ' The 
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The counterguards in his fecorid methodl 
arc too fpacious ; his propofing to build hof- 
pitaLs ftdrC'-houfes and magazine* in them^ 
muft prove a great detriment to their defence^ 
Unlefs thofc Ijuildings are deniolifhfed when 
ihe£b works are attacked^ 

Count Paga nV method cofreBed. 

The exterior fide of this odagon is 20a 
toifesi the perpendicular 30. the faces 60^ 
the orillon 5 ; the firfl: or loweft flank is 4' 
toifes retired behind the orillon, the flanks 
are 12 toifes diflant from outline tooiitline j 
the great ditch is drawn from the extremi- 
ties of the orillons, parallel to the faces of 
the baftions ; the ravelins are ma^ in the 
manner defcribed in plate XV. 

The faliant angle of the counterguards \i 
35 toifes diftant from that of the baftions^ 
and the)r are 8 toifes broad at their extremi- 
ties, the ditch 12; there (hould be retrench-* 
fnents made in the counterguairds, perpendi- 
cular to the middle of the faces, Vith a ditch 
before thera^ of 3 or 4 -toifes. 

The covert*way is 6 toifes, the fcmi-gor- 
ges of the places of arms 2o> and the faces 
are perpendicular to the counterfcarps. 

Remarki 
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Remarks on this conflruSiion. 

All the works in this fortification have 
a very good defence ; the compadlnefs of 
the worksy and the little expence, in refpedt 
to the extent of the town, makes this me-« 
thod far preferable to any other. 

For we fuppofe the town wall no Jiighef 
than the counterguards and ravelins, fo that a 
lihe drawn from the infide of the parapet of 
the body to the extremity of the glacijs, de- 
termines the heights of the counterguards, 
ravelin, and the ridge of the glacis. 

We have made but two traverfefs in each 
branch of the covert- way, but becaufe of 
their length, there may be made three, to 
prevent better the enfilades of the ricochet 
batteries-; thefe traverfes need not be fo thick 
as they are generally made, for lo or 12 feet 
would be fufficient to refifl: the ricochet 
batteries. 

As the flanks are here pependicular to the 
lines of defence, it was ncccifary to make the 
counterfcarp of the great ditch parallel to 
thefe lines, according to what has been faid 
with refpefl: to the true pofition of the flanksi^ 
at the beginning of this feftion. 

If 
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If the lower flanks were arched and open 
behind, in all places that have two or three, 
it would be much better, fince this would 
cfFeftoally prevent the enfilading them, wheii 
they are not covered by orillons ; they would 
likewife be out of danger from the (hells, 
cfpecially when there is a ditch behind, and 
the level ground goes Hoping towards the 
ditch. 



SECT. m. 

Of Irregular Fortification. 

TH E moft eftential principle in forti^-c 
cation, confifts in making all the fronti 
of a place equally ftrong, fo that the enemy 
may iifld fio advantage in attacking either of 
the iides ; this can happen do dtherwife in a 
regular fortification frtuated in a plain or even 
ground ; but as there are but few places 
which are not irregular, either in their works 
or fituations, and the nature of the ground 
may be fuch as makes it impradicable to 
build them regular, without too great ex- 
pence \. it is fo much the more necefiary to^ 

flicw 
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ftie^ in what confifts the ftrength or weak- 
pefs of a town irregularly fortified, fo that 
the wcakeft part may be made (ironger by 
additional outworks ; IS HkewifCt if ilich a 
plape is to be a^acked, to know vyhich i$ 
the ftrongeft or weakeft part. 

All the authors who have wrote on forti- 
fication^ that I have fccn, are fo deficient in 
regard to this, that not the leaft knowledge 
can be gathered from their writings ; they dp 
not even mention any thing about it. Fron> 
whence it feems to appear^ th^t jhere can bd 
given no general rule, whereby the ftrengtl) 
or wcaknefs can be difcovered; arid if vf6 
coniider th^ fev^ral 9ttack$ that wer^ made 
in the late war$, one would be inclined to 
think, that tjie engineers were no ways ac- 
quainted wifh it. A late author has muti- 
lated what is here f^id, and enlarged upon 
^he fubjedt very much ; he hjtd the affurancc^ 
hot to fay worfe, to perfusldfe the public, 
that all was his ovyn invention, as if this 
work had not been known before his ^ b«^t 
his whole performance confifts in nathing 
cilie than 9 h^ap of a)>furdities. 

That M. P^auAan ^ndcT&oad irregular for- 
tification perfedtly wdl^ is plain from thofc 
places he has fortified of that kind ; and ^et 
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his commentators mention nothing of itj 
they very often lavifhly beftow their praifes 
on fome of his works which do not dcferve it, 
and are filent upon thofc which are very juftly 
to be efteemed. 

When the (ituation of a place is fuch that 
it cannot be regularly fortified^ it (hguld be 
• contrived to make it nearly fo ; that is, iri- 
ilead of infcribing it in a circle, it (hould be 
infcribcd in an oval, fo that one half may 
be like and equal to the other half; and 
when this cannot be done^ it fhould be 
made as regular as it poffibly can be, and 
as. much as the nature of the ground will 
admit of.. 

But to reduce irregular fortification into 
^ fome form, that from thence their perfections 
and imperfedions may be difcovered; we 
fhall fuppofe, in the firft place, that one half; 
of the place is equal and like the other half; 
and then (hall (hew the application of this 
principle in all forts of irregular places. 

P R OPO.S I T I o N, 

P1.XXIV. If a fortification be infcribed in an oval, 
that is, if the one half is equal and like the 
other half;. I fay, that the fides CD, GH, 

on 
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en the flat parts, are ftrbnger than the fides 
AB, EF, on the narrow, parts, fuppofing all 
tjhe exterior fides equal, and the placc^qually 
fortified. 

It muft be confidered, that a front may 
be efteemed more or lefs. ftrong, in propor-* 
tion as the befiegers are obliged to make! 
more or lefs works in their approaches ; .and 
when thefe approaches ; are fuch, as being 
produced, {hall. ^1 ways, fdl without the for- 
tification, otherwife they may be feen in 
front by fome of its parts ; therefore when 
the angles BCD, CDE of the polygon arc 
very great, and the befiegers. come, within 
a fmall diflance of the works, they cannot 
approach any nearer without being feeh in 
front, excepting by a diredl fap, with tra-* 
verfes; and as this way of approaching pre* 
fents but a fmall front, the befieged, who 
have a much larger, may oppofe what ob* 
ftaclc they pleafc. 

And on the contrary if the angles HAB, 
ABC of the polygon are very fmall, the be- 
fiegers may carry on their approaches to the 
very countcrfcarp, and have always a larger 
front than the befieged. 

Moreover, as the befiegers muft extend 
their approaches to three fronts, whether 
L 2 they ; 
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they are fmall or large, the work pf the 
approaches before the front fiCDE, will be 
to the work before the front HABC» as the 
line BE is to the line HC nearly ; that is, 
as the greater axis of the oval is to the lefier : 
confequently the fn nt CD on the flat fide, 
is ftronger than the front AB on the narrow 
fide. 

C O A O L L A R Y. I. 

Hence it follows, that the longer the 
exterior fide CD of a polygon is, provided 
the lines of defence are within the reach of 
mufket-ihot, and the angles BCD, CDE 
of the polygon the fame, the ftrongcr the 
front will be ^ fince the works becoaie more 
fpacious, may hold more troops to defend 
them) and the befiegers are obliged to ex* 
tend their trenches farther. 

Corollary IL 

It follows likewife, that the greater the 
ungles of the polygon BCD, CDE are, the 
exterior (Ides being the fame, the ftronger 
the front CD will be^ becaufe the length 
i[>f the lino BE increafes, and the extent of 

the 
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the beficgers approaches in proportion^ as 
has been proved in the foregoing propo- 
fition ; confequently the ftrcngth of a forti- 
fication increafes in proportion to the number 
and length of its fides; that is, a dodeca- 
gon is Wronger than an oftagon, fuppofing 
the length of their fides equal ; and an octa- 
gon, whofe fides arc 20a toifcs each, is 
ftronger than another odagon, whofe fides 
are only 180; and hence a right line forti- 
fied, is the ftrongeft of all, contrary to the 
opinion of moil engineers ; there are even 
fome, who imagine precifely the contrary 
to be true. 

Mr, Filieneuvep a French author, at the 
end of his regular fortification fays, that if, 
inftead of fortifying a regular oftagon in the 
ufual manner^ a fquare was made fo as the 
fides are equal to 360 toifes, or double the 
fides of the odtagon ; and making fiat baftions 
in the middle of thefe fides, fo as three 
bafi:ions being placed in a right line, the 
faces being 50 tpifes, and the perpendiculars ' 
22 toifes and 3 fcetj which is one eighth of 
the exterior fide; this figure would be more 
advantageous than the odagon fortified in the 
ufual manner. 

L 3 As 
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As the angular baftions are weaker than 
the others by what has been proved before, 
he would have counterguards made before 
them, and their gorges retrenched, as like- 
wife tenailles in the ditches : if this method 
be confidertd with attention, it will appear 
not altogether ufelefs ; for as the attack is 
reduced to the four angular baftions, they • 
may be well fecured by outworks, with lefs 
, cxpence than the common odagon ; for if 
inftead of making tenailles, I would make 
rams-horris riej^t to the flat baftions only in, 
iorder to increafe 'the defence of the angular 
baftions, and if fmall lunettes were added 
' next to the counterguards, fo as to defend 
•their ditches, it would encreafe the defence 
confiderabTy.' This fortification has another 
advantage, which is, that the infiide may be 
filled with regular buildings, and the ftreets 
made at right angles to each other, without 
lofing an inch of ground. And thopgh the 
'capacity of an odlagon is greater than that 
' of this fquare, yet the latter will contjiin as 
many buildings as the former. 

A late Englijh author goes upon quite 

-contrary principles; for inftead of making 

an odagon, whofe, exterior fides are i8o 

^ toifes each. He would make an enneagon, 

whofe 
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•whofe exterior fides are to be 170 toifes 
ohlyj whereby he pretends to gain great 
advantages. But as an enemy is obliged to 
carry his works no farther than three fides, 
he will have lefs work to do in the attack of 
the enneagon than in tiie odtagon ; and as 
the angle of the polygon in the firft exceeds 
by 5 degrees only that of the fecond, the 
fmall advantage arifing therefrom, is by no 
means fufHcient to ballance the difadvantage 
of Itlfening the fides ; nor does it anfwer the 
expcnce of that baftion which is added to 
the odtagon. Beljdes, we have proved, and 
it is allowed by the moft able engineers, that 
the longer the exterior fide of a fortification is, 
the ftronger it will be, provided the lines of 
defence are not too long for mufket-ftiot ; 
becaufe you can always place n^ore men and 
guns in the works. 

N. 5. The truth of the foregoing pro- 
pofition and its corollaries is lil^ewife con- 
firmed by praftice and experience ; firfl:, as 
to pradice, if the plan of Namur be confi- 
dered, it will be found, that at St. Nkqlas gate, 
where the town is nafrow^ftt there arc more 
works than in any other part j at Cambray, 
near the Cantipers and Seille gates, where the 
place is narrower than any where elfe, there 
L 4 are 
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arc horn-works ; at Lil/e, near the gate qf 
the fick^ is a caftle in the curtain, a ravelin 
^nd counterguard before it, as liket^rife ^ 
homework before each baftion : abundance 
of other exaniples mi^ht be given, whic^ 
Confirm the foregoing propofition. 

Experience has ^ewn likewife that largp 
places moderately fortified, h^yc fnade bet-r 
fer defences in prpportiont* than fmall ones 
of more nyorjcs ; for Met^ in Liirrain was 
beficgipd, without fucccfs, by Qb^rles the Vtl]^ 
emperor of fiertpany and king of Bpain^ al- 
though h^ bad an arijiy of 100,000 men, 
and the town yvas only fortified with a fingfe 
rampart, without baflions ^nd a ^ry ditch 
j}efore it ; talle in Pl^nden^ when befiegecj 
by the allies, madd a much better defence 
than any qtJier^place in that country j and 
laftly, Prague in Boben^ia, when befieged 
by the Aujiriarn^ which has but a rampart 
with baftions and a dry ditch, and yet the 
befiegers were obliged to abandon it, withr 
put being in a conditipp to take it. 

An ingenious gcntlcnian has pbfervcd . 
yery judicipufly, that an arniy of 30000 
Inncn may eafily defeat 40000 men divided 
|nto two or three parts feparately, though 
{lot the whole together : the fame reafon 

hold^ 
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Jiolds good in fortification; for one plaee 
fortified moderately, and garjifoned with 
30000 mtUf will make a better defence 
than three equally fortified, with a garrifon 
.of 1 0000 men each. 

It may be faid, that thefe places had ilrong 
garrifons, fkilful governors, and well provided 
with every thing neccflary for a good defence, 
and that the Auftrians before Prague were 
^n want pf artillery and ammunition to carry 
pn the ^ege, ^nd that the fame place was 
taken a year before by the King of Prujjia 
and the Frerfcbj in the firft afifault. To this 
fnay bjs anfwered^ that thefe places were 
pnly garrifoned in proportion to their extent, 
and Lille was obliged to furrender iboner 
)than it would have done for want of powder 
and ammunition i and as to Prague^ if the 
Auftrians had been well provided with ne- 
feiTaries, they would have found it a difficult 
matter to force it, as may be judged by their 
beginoingf finqe what works and batteries 
they made vvere deftroyed by the befieged, 
^nd their cannon nailed up. 

There are feveral other advantages in large 
fortified places, which cannot poffibly be 
liad in fmall ones; as that the fick and 
pounded may be lodged in a quarter re- 
mote 
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mote from the attack, where they are pretfy 
fecurc from the befiegers (hells arid cannon- 
ihot ; the feverai artificers neceffary in a fiegc 
tnay do thpir bufinefs with lefe difturbance, 
and thofe troops which arc not on duty may 
reft and refrefli thcmfclves, whereby tbey 
are better able to do their duty ; and laftly, 
the powder may ht lodged in feverai maga- 
zines at fome diftancc from each other, fa 
that it is not in the befiegers power to deftroy 
them, at leaft.not all ; whereas it is a difficult 
matter to lodge powder in fecure places in 
fmall fortifications, the fick and wounded 
are in a continual apprehenfion of being de- 
ilroyed by the fhells of the enemy, as hap- 
pened in the fiege ofO^endhA war, where 
there was not any one place fecure from 
danger ; and the troops not on duty, having 
no place to reft themfelves in without fear, 
will never be able to adl with that fpirit as 
they would do otherwife. 

It appears to me a vain imagination to 
think, t)wt a fortification ever fo ftrong, with 
a fmall garrifon, can refift long a numerous 
army ; for if their lofs is ever fo inconfider- 
able in refpeft to that of the befiegers, it 
muft^neverthelefs prove a great detriment to 
them in the end ; on the contrary, nothing 

in 
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rn ray opinion, bxit a proportionable nnmbet 
oftroops in a garrifon, to that of the bcfiegcr's 
arnay, can make Ci proper defence according 
to the bignefs of the place* 

It may ^ be faid, that cafemats or under«* 
ground lodgements may be made for the 
troops to red in and refre(h themfelves; but 
this cannot be done without great expenco, 
and therefore the qiieftiori is ftill, whether 
thi« expence is not better laid out in making 
a larger fortification, fuppofing the place i$ 
of fufficient importance to a nation; we ex- 
cept however thofc which are only made to 
defend a pafs or a port, which might prove 
a temporary advantage to an enemy. 

Having thus proved the foregoing propo^ 
fition, and confirmed it by practice and expe- 
rience, it will fcrve as a maxim or a general 
rule, on which irregular fortification is to be 
eftabliflied ; as like wife a ftandard, whereby 
the ftrcngth or weaknefs of thofe already 
fortified may be difqovered. 

As the fituations of irregular places are fo 

various, it is impofliblc either to enumerate 

,them, or to give an example of each ; thcre- 

ifore we fhall endeavour to give fuch as arc 

'moft common, and ufeful at the fame time, 

by which the intelligent reader may be 

guided 
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guided in any other cafe that may occur to 
him« 

If a fituation is fucht as to make it im-» 
pofiible to reduce it into a regular form* 
it (hould be brought to one as near as can 
be done ; that is, if the polygon cannot be 
infcribed in a circle, it (hould be infcribed 
in an ellip(is or oval ; but as this infcriptioa 
is pretty difficult, we will give another me- 
thod, which anfwers the fame purpofe, and 
is very eafy in pradlice. 
p^XIV,^ Suppofe a fpot of ground to be reducible 
'to the figure ACEG, draw BE, AF parallel 
to each other, fo as the interva^i^ay be 1 80 
or 200 toifes, more or lefs, according as the 
nature of the ground will admit. 

To thcfe lines draw CH, DG perpendicu- 
lar, and et|ual]y didant from the points B,E, 
fo as their interval be equal to that of the lines 
BE, AF 5 this done, draw DQ, OH parallel 
to AF, BE, and equally diftant from them, 
and from their interfcftions C,D,H,G, with 
DG^ CH, as centers, defcribe arcs, with a 
radius equal to CD, or GH, fo as to interfedt 
the lines AF, BE, in A, B, E, F, and join the 
points A,B, and E,F;then will ABCDEFGH 
be an oblong^odagon, fo that one half will be 
iimilar and equal to the other half. 

Much 
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Much after the fame manner may be de-» 
icribed any other polygon ; for example^ in 
an exagon, inftead of drawing the two lines 
CH, DG, there need be but one, in a de- 
cagon three, and in a dodecagon four. 

If it {hould fo happen, as that all the 
fides cannot be made equal without too 
much expehce ; then the (ides AB, EF, on 
the narrowed part of the polygon, ihould 
be the longeft, if poiQble, on account of its 
being the weakeft, as has been proved be» 
fore. 

It may fometimes happen, that the figure 
cannot be made regular in any refpedl : in 
fuch a cafe, the ilrength of each fide mud 
be eftimated according to the works a be^ 
fieger is obliged to make in the attack, and 
Recording to the obflacles he meets with in 
his approaches. 

If fodae parts of a place are commanded 
in front by a hill, the parapet muft be raifed 
8 or 9 feet high, inftead of fix only, as is 
cuftomary ; if it is in the reverfe, then a 
traverfe muft be made along the capital of a 
fufBcient heighj to cover the work ; or in 
both cafes, cavaliers may be made nearly in 
the fame form of the bailion* 
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It may fomctimes happen, that -there is 
an abfolutcnecefEty of fortifyinga re-entering 
angle, in which cafe the works muft be 
canilruded in fuch a manner, that there 
may be no part but what can be flanked, or 
ieen by fome other part ^ in (hort, all that 
art and knowledge can furnifh fhould be ufed 
in irregular works ; the weakeft parts (hould 
be made ilrong by an addition of works ; 
care muft b^ taken that -no part be com-? 
manded by a neighbouring bill, or rifing 
ground ; and if that cannot be avoided, to 
raife traverfes or cavaliers ; in general, par- 
ticular care fhould be taken to make every 
fide equally ftroag, and to be as frugal io 
the expence as (wffible, that the expence of 
building and the maintaining a garrifon, may 
Dot exceed the advantage ariiing from the 
fortifying of the place. 
: I have feen a projedt of a fortification 
which was to be built near a pafs, to occupy 
a hill which commands a neighbouring for- 
tification * of a very odd figure, although 
made by an engineer of great repute ; it 

* St. Philips caflle in Minorca, This \i\\\ commands tte 
harbour as well as all the works of the caftle, and yet it has 
been neglected hitherto ; what nfe there can be made of it 
by the befiegers will I am afraid, foon be known, bat hope 
this will caution as another time. 

8 ' was 
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was impoflible to judge, from, the difpofition 
of the works, for what intent thf fortification 
was to be made. 

When a place Is to be f( irtified, it • is of 
the grcateft importance to « empjoy fkilful 
engineers to form the proje :& ; and to have 
it afterwards examined wit jh great care and 
judgment by others, in ore ler to be fatisfied 
that the figure is properly adapted to the 
fituatipn and nature of the ground, and the 
number of works anfwerabj le to the import- 
ance of the place ; but abo Ve all things, the 
expence of building, as lik ewife the number 
of troops for the garrifor i, {hould be well 
confideredj for without that it is morally 
impoffible that tlie place fliould anfwer the 
end for which it is built. 

Notwithftanding that t be foregoing prin- 
ciples are or ought to b^ i quite obvious to 
any one that has the leaft knowledge in for- 
tification, yet many exam pies might be pro- 
duced, wherein one woul d imagine that the 
projectors had not the I eaft regard to this 
precept, but on the con tra'jy they fcem to 
defpife all the principles ivl^ich arc not of 
their own invention. 
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ConJiruEiion of an irregular placi 
fituated in an open country. 

If the place to be fortified is an olcf 
town inclpfed by a wall or rampart, as \% 
iDofl frequently happens, the engineer is ta 
confider well,* all I the different circumftances 
of the figure, fi tuation, and nature of the 
ground, to regul ^te his plan accordingly, fo 
ats to avoid the ^if^dvantages, and gain alt 
the advantages p pfiible ; he (hould examine 
whether by cutti bg off fome parts of the old 
wall or rampart, and taking in fome ground, 
the place cannot be reduced into a regular 
figure, or nearly fo; for, if that can be done 
witboqt increafinjj the e?cpence confiderably, 
it (hould by no means be omitted; old 
towns have often towers placed from diilance 
to diftance^ as Dway^ Ttournay^ and many 
other places, whiich are generally made ufe' 
of« and mended when it may be done ; if 
there is a rampart without baftiops or ffowers, 
it muil be well ccmfidered, whether baftions 
may not be add rd, or if it is not better to 
iQaice only fome outworks ; if the ditch 
about this ravxipart is not too wide and deep, 
it would be ^advantageous to make detache4 

bi^ftionj. 
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baftions, otherwife ravelins and countcrguards 
muft be conftrudled ; fpecial care muft be 
taken, to make all the fides of the polygon 
^s niarly equal as poflible/ and that the 
length -of the lines of defence do not ex- 
. ceed the reaeh of muiket-fhot j but if that 
cannot be done, thofc fides which are on the 
narrowefl; part (hould be made the longeft. 

If it (hould happen, that fome of the fides 
are inaccefllble, or of very difficult approach, 
cither on account of fome precipice, marfhy 
ground or inundation, they may be made 
much longer than the others, which are of 
cafy accefs, arid the flanks need not be fo 
large as the reftj by doing fo, there will 
be fome expences faved, which may be ufed 
in making the other fides ftronger, by adding 
more outworks. 

There are few fituations, but what are 
more advantageous in fome parts than in 
others ; it is therefore the bufinefs of an 
engineer to diftingui(h them, and to render 
thofe fides fl:rong by art, which are not fo 
by nature. 

If the fituation is low and watery, lunet- 
tes or tenaillons, and fuch other fmall out- 
. works, fhould be confl:rudted, becaufe they 
arc not of any great cxpence, and may 
M make 
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make a vqry good defence ; but if one fide 
of the place is only low, and tunning water 
is to be had, a fecond ditch and covert-way 
with lunettes, may be made, by obfcrving, 
that if the firft glacis is made to flope, 
fo as to become even with the level o( the 
water in the fecond ditch ; or if the water 
can be fwelled, by means of dykes or fluices, 
fo as to overflow the bcft part of the firft 
glacis, it fliould be done ; for by fo doing, 
thefe works will be able to make a very 
good defence, fince the befiegers will find 
it a difficult matter to lodge themfelves upon 
this glacis, which cannot be done but within 
a few toifcs of the firft covert-way, where 
the befieged afe ready to receive them, and 
to deftroy their works with great advan- 
tage ; whereas the enemy caftnot fupport 
their workmen but from the fecond covert^ 
way, which is too far off to be of any great 
fervice to them. 

But if the fituation is of a dry nature, 
without any water about it, caponiers ftiould 
be made in the great ditch, from the cur- 
tains to the- ravelin, and batteries raifed in 
the entrance of the ditch before the rave- 
lin, whofe parapet muft flope off into a gla- 
cis, fo as U> afford no cover for the enemy 
I • behind 
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behind them ; arrows and detached redoubts ' 
are likeyvife very proper to be ufed in fuch 
a cafe, and fometinacshorn or crown-works, 
if it (hould be thought convenient ; but 
thefe* works ftiould never be conftrudcd, 
without an abfolute neceffity, either to oc- 
cupy a fpot of ground which might be ad- 
vantageous 'to the enemy, or to cover fome 
gate or entrance into the town ; for they are 
of great cxpence, and their defence fcems 
not to be anfwerable to it. 

Moft of the places in Flanders are forti- 
fied with hOrn-works, fuch as Ipres, Totir^ 
nay J Lillet and others ; hille has four, Ipres 
as many, two of which are injudicioufly 
placed near one another. I am furprifed 
that M. Vauban^ who undoubtedly was in 
all refpefts the beft engineer, and who for- 
tified many places with fo much judgment, 
fliould have been fo fond of making thefe 
kind of works,* which are, in my opinion^, 
the worft of all his fortifications, in the 
manner they have been conftru£ted in the 
above-mentioned places ; it muft certainly 
have been before he had acquired that know- 
ledge, for which he is fo much efteemed ; 
and what renders this conjedure probable 
is, that he has but ieldom made ufe oif 
M z them. 
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•them, in the conftruftion of thofc places 
which he fortified in his latter time ; and 
where he made any, it was always to cover 
a gate or entrance into the town. 

If the place to be fortified is new, and 
the fituation will not admit of a regu- 
lar conftrudlion ; particular care muft be 
taken, in chufing fuch a fpot of ground as 
is moil advantageous, and leaft liable to any 
difadvantages, either in the building or in 
the maintaining of it ; all hills or rifing 
grounds Ihould be avoided, which might 
command any part of the works, and marlhy 
groundsT, becaufe fuch fituations are unwholc- 
fome ; or lakes and (landing waters for tTie 
fame reafon, excepting a lake is, or may be 
made navigable ; good water fliould be had 
either within the place or near iti for it is 
abfolutely neceflary for men and cattle ; 
the air ftiould be wholefome, otherwife the 
continual ficknefs that may* reign in fuch a 
place might prevent people to come and 
live in it, and the garrifon vvould not be in 
a condition to defend themfelves as they 
ought to do ; in (hort, all the different cir- 
cumftances attending fuch an undertaking 
fhould be maturely confidered, before a rc- 
folution is taken to fortify any place. , • 

When 
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When- a fituation is pitched upon, the 
next thing to be confidered, is the bignefs 
of the town and the number of its outworks, 
which muftabfolutely depend upon the.con- 
fequence fuch a place is of to a nation ; if it 
is only to guard a pafs, or entrance into, a 
country, it need not to be fo large ; but if it 
is to be ^ place either to promote or to pro- 
tedt trade, it (hould be large and commo- 
dious : the ftreets fhould be wide, and the 
buildings regular and convenient ; as to what 
regards the fortification, itsconftrudSionfhould 
depend on the nature of the fituation, and 
the number of works, on the funds, or ex- 
pence a prince or a* nation will be at ; 
which however ought to ' be according to 
the benefit arifing from fuch a place. For 
as fuch undertakings are of very great ex- 
pence, an engineer cannot be too fparing in 
his works ; on the contrary, the greateft oecca- 
nomy (hould be ufed, both in regard to the 
number of works, and to their conftruftion. 
The body of the place may have * revetements 
quite up to the top, or only in part, and the reft r 
turfed ; but as to the outworks, they (hould 

* Revetements are chiefly made to prevent a place from 
being furprifed ; outworks do not want to be made fo, the 
taking them by furpnfe is of no great confequence, except in 
a (lege, when other cautions are ufed to prevent it. 

M 3 have 
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have half revetemcnts, or they may be made 
with turf only; as being not fo neceffary 
to prevent the place from being furprifed, 
and may nevcrthelcfs make a good defence. 

The plate XXIV, is the plan of an oda- 
gon, one half of which is fimilar and equal 
to the olher half; it being fuppofed that 
the fituation would not admit of a fortifi- 
cation quite regular ; the exterior fides arc 
each 180 tolfes, and the works arc con- 
ftruded^ according to our method ; but be- 
caufe the fides AB, EF are weaker than 
the reft, as has been proved before, we have 
added tenailles, redoubts ia the ravelins, and 
lunettes, to render them nearly equal in 
ftrength with the others ;, and if counter- 
guards were made before the baftions A and 
B, it would effeiftually fecure that front. In- 
ilead of lunettes, any other works may bt 
made, as it may be thought convenient, ^nd 
according to the nature of the ground. If 
it {hould be judged neceflfary to add other 
outworks t) the ravelins all round the place, 
care muft be taken to add likewife ntore to 
the fronts AB, EF, in order to render the 
advantages and difadvantages of attacking on 
cither fide equal. 

Con-' 
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ConJiruElion of an irregular place 
Jituated on a hill^ or rock. 

In the conftrudion of fuch places, care 
muft be taken that no neighbouring hill com- 
mands any part of the works, the town fliould 
always be built on the highcft part ; but if 
it (hould be thought more convenient to 
place it lower, then the upper part muft be 
fortified with a fort ; the fituation (hould 
be made level as near as poflible, by re- 
moving the earth from fome places to fiU"^ 
up others ; and if that cannot well be levelled 
without extraordinary cxpence, works muft 
be made on the higheft part, fo as to com- 
mand and proteft the lower; the works 
ought to occupy all the upper part of the 
hill, but if it fhould be top extenfive to 
be all incTofed, or fo irregular as not to be 
fortified withput, great inconveniency, the 
parts which fall without fhould be fortified 
with fome detached works, and a commu- 
nication with the place muft be made either 
above or underground. There (hould be 
no cavity or hollow roads within cannon-fhot 
round about the place, where the enemy 
might be able to approach under cover ; if 
M 4 there 
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there (hould happen to be a fpring, near 
the top of the bilU it (hould be inclofed 
• in the fortification, or if that cannot be 
done, by fome work or other ; for there is 
nothing more neceflary, and at ^thc fame 
time fcarcer in fuch fituations, than water, 
for which reafon there cannot be too much 
care taken in providing it ; feveral cifterns 
are to be made to receive the rain-water, and 
to prefcrve it ; wells (hould be dug likewife, 
though ever fo deep, the water of which 
will ferve for common ufe. 

Places built on hills or rocks, {hould ne- 
• ver,be large, for their ufe is generally to 
guard pafTes or inlets into a country, and 
are feldom ufeful in traffick, and it is a dif- 
ficult matter to provide for a large garrifon 
in fuch fituations ; neither (hould any fuch 
place be built without fome very material 
reafons ; but when it is abfolutely neceflary, 
great care and precautions (hould be taken 
to render the works as perfedt as the fituation 
will admit of, and at the fame time to be as 
frugal in the expcnce as poflible. 
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ConJlruElion of irregular fortifica^ 
tions^ fituated near rivers^ lakes^ 
or thefea. 

As the intent of building thefe kind of 
places, is chiefly to facilitate and proteft trade, 
it is of much more importance than any 
other kind, efpecially in maritime countries, 
where the principal ftrength and power de« 
pends on it « for which reafon, we (hall treat 
of it more largely than of any other part* 

The firft thing to be confidered is their 
fituations, which ought to be fuch as to 
aflford a good harbour for (hipping, of a fafe 
and eafy entrance in ftormy weather ; but 
as it is hardly po(fible to find any, where 
{hips may go in and lie fecure, with all 
winds, care (hould be taken to make them 
fafe to enter with thofe winds which are moft 
dangerous ; but it is not fufficient that the 
harbour is fafe againfl: ftormy weather, they 
(hould likewife be fo againft an enemy, both 
by land and water ; for it often happens that 
fhips are deftroycd where it was imagined 
they were fecure, which is of too great a 
confequence not to be provided againft j for 
which reafon, forts or batteries muft be built 

in 
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in the moft convenient places, to- prevent 
the enemy's ihips from coming too near, fo 
as to be able to cannonade thofe in the har- 
bour, or fling fhells amongft them ; and if 
there is any danger of an enemy's approach 
by land, high ramparts and edifices muft be 
built, fo as to cover them. ^ 

When a river is pretty large, and it is not 
convenient for making a harbour without 
great expence, the (hips may ride along the 
Ihore, which, for that reafon, muft be made 
acceflible for (hips of burthen ; this may be 
done by advancing the quay into the river, if 
the water is too fhallow, or by digging the 
river fufficiently deep for that purpofe. 

And to prevent any enemy from coming 
up the river, forts muft be built on both 
fides, efpecially when there is any turnings 
or windings. Antwerp is fuch a place, for 
the Scheld is fufficiently (Jeep to carry (hips 
of great burthen, which may come quite 
near the town-wall ; and feveral forts are 
built below it on both fides, fo that it would 
not be an eafy matter for an enemy to come 
up the river. 

When the river is but fmall-, fo that no 
(hips of burthen can come through it-; it 
is fufficient to make it run through fome 

©f 
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of the works, where proper landing places 
are contrived, frorii whence the goods may 
be carried into the place ; as at SarrelouiSf 
where a horn-work is built beyond the 
Sarre^ in the gorge of which the goods arc 
landed. 

If the breadth of the river does not ex- 
ceed 200 yards, it commonly pafles through 
the middle of the town, and proper quays 
are made on each fide 5 in fuch a cafe, the 
fortification is fo contrived, as that the river 
pafles through the curtain, in order to have 
*a baftion on each fide to defend the coming 
in and going out. 

When M. Vauban fortified near rivers, 
he made always the exterior fide near the 
water much longer than any of the others ; 
fuch as Hunningen on the R&ine, znd Sarre-- 
louis on the Sarre; but for what reafon he 
fortified tiiefe places in that manner, has 
not been told by any author I know of j for 
thofe who befi:ow moft praifes on him, are 
quite filent in this refpedl, although thefe 
works (hew better, in my opinion, his great 
fkill in fortification, than many others for 
which he is generally efteemed; it is trufe, 
authors treat in general fo fuperficially of 
irregular fortification, as would incline one 

to 
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to believe that they either knew not the 
importance of the fubje<3:, or dfe imagined 
it was impaflible to reduce it under general 
rules or maxims, whereby its pearfedions' and 
impcrfedions might be difcovcred. 

But it is plain, from what his been de- 
monftrated before, that the fides which ter- 

, minate at the river, are the weakeft; be- 
fcaufe the befiegers trenches being fccured 
by the rivcr^ they may draw moft of their 
troops off, and ad therefore with more vi- 
gour and ftrength on the other fide : be- 
fides, as the ftrength of a fide incrcafes in 
proportion as the angle of the polygon is 
greater, by making the fide rCbxt the river 
longer^ the angles at its extremities become 
wider, and confcquently the idjacent fides 
ftronger. 

There are other advantages, befides thefe 

» mentioned already, which arife from the 
lengthening that fide ^ for if the river is 
pretty deep, fo as not to be fordable, that 
-fide is not liable to be attacked ; and by 
increafing its length, the capacity of the place 
increafes rrfuch more in proportion to the 
expcnce, than if more fides were made ; the 
center of the place will be likewife nearer 
the river, which makes it more convenient 

for 
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for tranfporting the goods from the water- 
fide to any part of the town. 

To illuftrate this method of M. Vaubari^^ 
we (hall give the plan of Hunningen ; this PI. XXV. 
place was built for the fake of having a 
bridge over the R&ine, for which reafon he 
made it only a pentagon ; the fide AB next 
to the river is 200 toifes, and each of the 
others but 180; the body of the place, as 
likewife all the outworks, are conftruded ac* 
cording to his firft method, by obferving that 
the-perpcndicular to the fide A B is only 25 
toifes, according to the table given at the be- 
ginning of his firft method, and the capital 
of the ravelin before that front 28 ; whereas 
thofe of the others are 50, 

About the fpace ^ i c, which lies before 
the front AB ; is a ftone wall, and the paf- 
fages X, X are (hut up with lluices; to retain 
the water in the ditches in dry feafons, and 
to prevent an enemy from deftroying the 
fluice near the point c, whereby the water 
would run out and leave the ditches dry; 
the redoubt y was built in the little ifland 
hard by, in order to cover that fluice; with- 
out this precaution the place might be in* 
fulted from the river fide, where the water 
is (hallow in dry feafons. 

The 
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The horn-work K beyond the Rhine was 
built to cover the bridge, but as this work 
cannot be well defended crofs the riyer, the 
horn-work H was made to fupport the other. 
Inhere are likewife horn-works before the 
baftions E, F, and a little work before the 
baftion G, called Pate, which we have 
omitted for want of room. 

There feems to be nothing in this for- 
tification but what is well contrived, and 
here certainly the author has (hewn his fkill ; 
the only things which appear to me fuper- 
fluous, are the horn-works placed before the 
baftions, E, F, and the p&te before the ba- 
ftion G ; for I think there are too many 
works confidering the fmallnefs of the place ; 
and as the horn-works were chiefly made to 
fecure a fafe retreat over the wet ditch be*- 
yond the glacis, as I fuppofe, in cafe of a 
fally, a couple of detached redoubts might 
as well have anfwered the purpofe. 

Some of my readers will undoubtedly be 
furprifed to read my encomium on this for- 
tification, whilft M. CoebornlodktA upon it 
as an ill-contrived piece of work ; but if they 
will be pleafed to confider that he was mifled 
by a falfe or incorred: plan, for that very 
thing he faid was wanting, meaning the 

work 
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v/oikalfc, which retains the water in the 
ditches, was a(flually executed by M. Faubarip 
as this plan (hews. 

Before we finifh the defcription of this 
plan, we fhall fliew how to find the long 
lide A B, as being ufeful in the following 
work. 

After having infcribed the two fides G E, 
GF, in a circle, draw the diameter CD, 
fo as to be equally dillant from the line 
joining the points E, F, that is, parallel to it ; 
on this diameter fct off 100 toifes on each 
iide of the center, from thefe pointy draw • 
two indefinite perpendiculars to the diameter; 
then if from the points E, F, as centers, two 
arcs arq defcribed with a radius of 180 toifes, 
their interfedions A and B, with the ftid 
perpendiculars, will determine the long fide 
AB, as likewife the other two FB and EA. 
In like manner may be found the long or 
fhort fide of any polygon whatfoever. 

When a place near a river is to be for- 
tified, for the fafety of commerce, particu- 
lar care fhould be taken in leaving a good 
fpace between the houfes and the water-fidc, 
to have a key or landing-place for goods 
brought by water ,• it (hould alfo be contrived 
to have proper places for ihips and boats to lie 

fecure 
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fecurc in ftormy weather, and in time of a 
fiege ; and as water-carriage is very advanta- 
geous for tranfporting goods from one place 
to another, aslikewifc for bringing the necef- 
fary materials, not only for building the forti- 
fication, but alfo the place itfelf, the expences 
will be leflened confiderably, when this con- 
venience can be had ; foe which reafon places 
. fliould never be.built any vvhere elfe but near 
rivers, lakes, or near the fea ; excepting in ex- 
traordinary cafes, where it cannot be avoided. 
For the better underftanding this impor- 
• tant part of fortification, we (hall give fome 
examples of various kinds, from which the 
reader may gather the manner of fortifying 
others of the fame nature. 

Example I. 

PI.XXVI. We ftiall fuppofe a river of 100 toifes or 
more broad, and fuch as is always navigable, 
at leaft for fmall veffels or boats, and the fi- 
tuation to be fuch as to admit of a regular 
fortification ; the body of the place is a regu- 
lar oftagon, and the flat fide next to the river 
cuts off a fourth part from the circle, and is 
lengthened fo as to be 360 toifcsj the per- 
pendiculars are 25 toifes only on this fide, and 
■ all the others 30; 4he faces 50, and the flanks 
n are 
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are found according to our method ; the great 
ditch is 1 6 toifcs, and the ravelins are con- 
ftrudted a&afual \ the lunettes L near the river 
have one of their faces perpendicular to the 
middle of thofe of the adjacent ravelins^ and 
the others are parallel to the flat fide ; their 
ditch is 12 toifes. Within the flat baflioft 
i% a bafon B, to receive (hips, 40 toifes broad, 
and its length is terminated by perp^tidicillai? 
lines drawn from the ejttremities on the ad- 
jacent curtains^ and a pafTage is made in each 
flank of 10 toifesi for the Hiips going in and 
cut ; thefe paflages are (hut up vtrith iluices^ 
With a kind of a pafTage over them, in order 
to have a free conlmunication with the flat 
baftion, and from thence over the bridge intd 
the fort G, on the othet- fide of the river. 

This fort is conftrudied in the following 
manner I from the faliant angle of the fla^ 
baftibn, as center, defcribe an arc with a ra* 
dius of 200 toifcs; on which fet ofF two 
chords of 120 toifes each, for the exterior 
iSdes, .the perpendiculars to which are 20 
and thfe faces 35 j the branches of this fort 
arc perpendicular to the oppofite faces of the 
baftion ; the ditch before this work is i i^ 
Ihat of the ravelin 8 i and the ravelin as well 
aj5 the flanks axe conftrudted accordii)g to our 
N . mcthocl. 
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method. The femi-gorges of the lunettes 
k are 20 toifcs each; and the faces are, the 
one perpendicular, and the other parallel to 
the branches of the fort ; they ferve to cover 
the entrance into the bafon B, which might 
otherwife be feen . from thence ; the ditch 
before thefe lunettes is 8 toifes. 

The gorge of the redoubt H is 40 toifes, 
the flanks 10, the faces 30, and the ditch 
before it 6 ; this work ferves for fecuring the 
retreat when the fort G is taken; and whilft 
the enemy is endeavouring to get mailers of 
it, the troops may retire in the dark over the 
^ bridge into the toNyn* 

The market-place A is about 70 toifes one 
way, and 50 the other; all the ftreets 6, which 
is rather too much for the bye ones ; our defiga 
is not fo much to give the particular d'imen- 
fions of them, as to fliew that they (hould be 
perpendicular to the river, and crofs each 6ther 
at right angles; ref<?rving the vcA for the prac- 
tical part of fortification. 

The buildings C, C, are defigned for naval 
ftore-hpuics, E a ftore^houfe for land fcrvicc, 
D for barracks, and F a^e the bridges near the 
gates of the town. 

We have given the conftrui^ion of the 
body of the place and ravelins ogly, without 

deter- 
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determining the reft of the'outworks, whofe 
nutnber and capacities depend on the import- 
ance of the place. It ought to be remem- 
bered, that it mud be better fortified neiir 
the river than any where elfe, it being the 
weakcft pdh, as has Been proved before. 

If the fitaation does not afimit of a regular 
fortification, thdn it muft be coriftruCtcd in 
fuch a manner, as to Approach as near to it 
as Can Well be doric, withotft being at an 
exceffive eipence i and if there {Bould be a 
hill, or rifing-ground vvithin cannon-ilior; 
which can fee into f6me of thb works, it 
muft either be fortified, or cavalidrs arc to be 
made in the oppofite baftionS. 

It may fometimes happen, that the river- 
forms a hatural b'afon for ft^ipping, or they 
may bfe made ferviceahle by a little work ;* 
fuch ah advantage 16 by no mein« td be deg- 
le<5led, a fkilfiil engineef- will know How to 
ufe all the advantages which the nature of 
the ground affords, fo as to be faving in the 
cxpendes, and to make the place in the moft; 
convenient manner. 

The landing places may be made in the 
great ditch, near the curtains next to the river, 
if it is^ thought proper ; in fach a cafe, part 
of thofe curtains may be left open, in order 

N 2 to 



Digitized by 



Googk 



j8o the elements 

to have a: qjiay, and round thefe kind of 
harbours, fomc works (hould be conftrudted 
to fccure the (hips in time of war. 

Example II. 

Plate It may fomctimcs be judged more con* 

XXVII. venicnt to build the place on both fides the 
river, than on one only ; in fuch a cafe, the 
river (hould always pafs through the curtains, 
in order to have a flank on each fide, to defend 
its entrance and coming out ; if the river is 
not very large, the curtains may be built a- 
crofs the river upon arches, which may be 
made to ihut in the night, or in time of a 
fiege with portcuUices ; and the middle arch 
may be made wider than the refl:, apd left 
open at top, with a draw- bridge over it, for 
ihips to fail through. But if the river is 
^ above lOO toifea large, the building curtains 
acrofs >yould be too expenfive ; in fuch a cafe 
a fort, fuch as B, may be made in the middle 
of it ; from whence cbaii^ ^nd booms may 
be laid to the ihore in the night, and in time 
©f danger. 

The conftrudion of the body of the place 
may be as follows, 

Suppofing. the fituation to be fuch as to 

admit of a regular confi:rudion ; each fide is 

2 a part 
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a part of a regular o(3?agon, infcribed in * 
circle, whofe centers O are within ro toifcS 
from the river ; the body of the place is con- . 
ilrudtcd according to our method, and the 
ditch is 1 6 toifcs ; as to the reft of the works, 
their number and bignefs may be made in 
what manner it is thought proper, and ac- 
cording to the importance of the place. 

The ftreets are to be perpendicular to the 
river,^ and to crofs each other at right angles ; 
and for a greater conveniency of tranfporting 
goods from the (hips to the market, a market- 
place may be made on each fide near the river. 
We have added lunettes, fuch as A, to defend 
the entrance and going out of the river, one 
of the faces of which is perpendicular to the 
oppofite faces of the baftions within 25 toifes 
of the flioulders; this face is about 60 toifes 
long, and the others are fo drawn, as to be 
perpendicular to each other. 

As the enemy will hardly attack the place 
near the river, becaufe an attack made on 
one fide only, is liable to be enfiladed from 
the other by the garrifon ; and when it is 
made on both fides, the troops are divided,* 
and not in a condition to fupport each other ; 
it is not therefore neceflary to make the for- 
tification ftronger'there; on the contrary, as 

. N 3 it 
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it will probably be attacked on the fide qi|ite 
oppofite to the river, fome more works ihouldi 
be made in this place. 

Notwithftanding the booms and chains, 
;which arc to be laid acrols the river, in the 
night and in time of danger, the enemy may 
^find an opportunity to force his way through^ 
whereby the place might eafily be taken. 
To prevent whifch a wall of 8 or 10 feet high 
fhould be built along the river, with iron 
gates oppofite to the ftrcets, fo as to be locked 
up at night. 

Example III. 

Places built near the fea are of the greateft 

importance to a nation on account of trade ; 

• fo they require likewife the greateft care in 

the chufing their fituations, in fuch a manner 

as to be of the leafl: expcnce in building, and 

the moft convenient for (hipping. We fhall 

fliew how fuch a place may be fortified, when 

the fituation is plain and even, and where 

there is no harbour formed by nature. 

Plate This plan is a part of a regular decagon, 

XXVIIL^^Q^j. fides of which arc cut oflf for the flat fide 

next to the fea, the perpendiculars to which 

are but 1 5 toifcs ; all the reft of the works 

are conftruded as ufual ; as the place is 

wcakeft 
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wcakeft near the fliore, we have added lu- 
nettes with bonnets, to make It nearly equal 
Jn ftrcngth there with the reft of the fides ; 
we have added no outworks befides ravelins 
and lunettes near the waterfides, becaufc their 
number and capacities depend on the import- 
ance of the place. 

The bafons or harbours A, A, are 30 toifes 
broad and 80 long, and the entrance into 
them 10 ; this we imagine might be fufficient 
for (hips going in and out : however, it may 
be made more or Icfs, according as it will be 
thought convenient; ourdefign being rather 
to (hew the figure, and in what manner it 
may be done in fome cafes, than to pretend 
to give the exaft dimenfions, which ought 
to be determined by experience, or accord- 
ing to the nature of the fituation. 

The channel or road -C, leading into the 
bafons A, A, is 18 toifes broad, and muft be 
as long as the (hallow water goes ; B, B, are 
two femi-circular forts to defend the entrance 
into the harbour, whichbeing made of that 
figure, are better for defence on every fide. . 
If thefe forts (hould not be thought fufficient, 
one or two more may be made between thefe 
and the place, or on ibme flats or fands where 
the (hips cannot come too near. 

' ' ' N 4 The 
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. The buildings D, C, are njrval ftore-houfea 
E a ftore^houfe for land fcrvice, and F th^ 
barracks. 

The ftreets ^nd other buildings arc to be 

• piade nearly in the manner exprcfled here in 

the plan ; but the market-place might be 

made quite open to the fca, if it is thought 

^ proper. 

We fuppofed here in this plan, that there 
is no harbour formed by nature, for which 
reafon an artificial one is made ; but if there 
be any bay, creek, or large bafon, f<!)rme4 
by the fea, or a river, it ought to be ufed 
and enlarged, if necciTary, and, fometiqies 
moles are made to form a harbour, as at 
. Gibr^altar I by which a great deal of labour 
and expences arc faved^ 

If a place is tp be fortified in an i(lan(} 
formed by the fea, and there is a navigable 
river, then the propcreft fituation will be at 
its entrance, if the river is but fmall ; or a 
Jittle way up in the land, if it is pretty large, 
fo as npt to be in danger of ^ bombardment 
from the fea; but it muft be obfcrved, thaf 
Jicre, and in all places of this kind, the con* 
veniency for making a good harbour mtift 
chiefly be copfulted, whofc entrance fhoul4 
glways be defended by two or more forts of 
hj^jtt^eries, placed qo both fides pf it. 
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It will alfo be proper to take particular 
notice^ that if an enemy may land any where 
thereabouts, the forts mult be built fo as ta 
be every where equally' ftrong, in order to 
be in a condition to refift which way foever 
they may make their attack ; the want of thi$ 
confideration has often proved of dangerous 
confcquence, bccaufe if thcfe forts or batteries 
may be furprifcd, the harbour will lie open 
to the enemy, who therefore may enter 
without any farther danger; deftroy the (hips, 
^nd take the town. It is by no means fuffi- 
cient to raifc batteries in fuch places as com- 
mand the entrance of a harbour, without 
confidering likewife whether their conftruc- 
tion is fuch as to anfwer the purpofe for 
which they are built, they will other wife be 
. of very little ufc in the defence of the place : 
if there (hould be but one or two fuch places 
whdre ^n enemy may land, they ought to be 
fortified with fomc fmall works ; but if there 
are feveral, it is much better to build two 
good forts, on^ on each fide of the harbour, 
near fome fhajilbw water, fo that the (hips , 
may not approach too near, to prevent their 
being demoli(hed by them. 

If a fmall ifland formed by a river is to 
\>p for^ifiedy qare mud be- taken to occupy 

the 
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the whole ifland.if poffible, in order that the 
works of the fortification may defend. every 
part of the firm land, whereby the enemy will 
not be able to land any where without great 
danger and difficulty ; but if the ifland (hould 
be f<;> large, that the whole cannot be conve- 
niently fortified, and feme parts are acceffible 
and others not, the place (hould then be built 
in thfe moft acceffible part, and the others, 
if not too many, may be fortified with fmali 
forts or batteries. 

If there is any Uke of fome length, or 
which difcharges its waters into a navigable 
fiver, a place built near it will be very con- 
venient for trade ; although a lake has no 
communication with the fea, or is not navi- 
gable, at leaft for large (hips, yet it may be 
very ufefulfor trading with the country round 
about ; the bignefs and ftrength of fuch a 
place mufl be according to its importance. 

We have thus explained, in a few words, 
the manner of fortify ing- places iitiiated near 
navigable rivers, lakes, pr the fca, which is 
far from- being, fufficient to gi^fc a complete 
notion of the fubjedl ; it would require a 
whole volume to enumerate all the different 
,circumftances that may poffiibly .happen, ci- 
ther in refped to the various fitqavions formed 

by 



Digitized by 



Googk 



OP FORTIFICATION. 187 

by nature, the conveniencies required td fave 
expcnces, or their importance with regard 
to traffick ; for all theie confiderations arc to 
be maturely confidered and well weighed at 
leilure, before an undertaking of this import* 
ance is put in execution. 

It would be a help to the reader, if a great 
many plans of places already executed were 
collcded ; for by -examining thpm with all. 
the attention and care that is poffible, and 
not omitting the leaft circqmftancea, arifing 
from their different fituations or nature of the 
ground ; as likewife from the importance 
they are of either to protect or increafe trade 
and then taking notice for whiat reafons works 
are made in fuch a manner in one cafe, and 
different in another, a right notion might 
be formed of the fubjc(5l, fo as to be able to 
proceed in any other cafe of the like nature. 
But as this would fwell the work too much, 
and draw it into a greater length than is agree- 
able to our purpofe» we (hall finifh this part 
with explaining the fituation of a few places 
already built, to fupply, in fome meafure^ 
what is .wanting to complete the fubjedt. 

At Dunkirk is a bank of fand before the 

entrance into the harbour, nearly parallel to 

the fhore, which is an admirable defence 

.- , againft 
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againft any bombardment ; for wrhcfl fliips 
Ke without it, they are too far from the place 
to do it any damage ; and if they fhould ven- 
ture to go between this bank and^ the (hore, 
there is a fort built fo nigh, which would 
deftroy them, as not having fufficient room 
for working a (hip, fo asi to turn about ; the 
channel leading into the harbour is pretty 
long, and defended by two forts on one fide, 
and three on. the other, which makes it im- 
pradicablc for an enemy to pafs through it. 
Another great convenience this port ha$, is, 
that there are three rivers, coming from the 
inland country, which run into the harbour; 
at their entrances are iQuices, which are (hut 
up at high water, and opened at low, which 
carry out the mud and fand brought in by the 
fca, and thereby prevent the harbour from 
being choaked up. 

Whenever a fituatiOn is to be found, that 
has thefe advantages, it (hould not be neg- 
lefted, lincc it (aves great expences in keep- 
ing the "harbour always clear, and renders 
an attack by fea impradticable. 

0/??W lies clofe to the fea, and the road 
leading into the harbour, which lies oppofitc 
to the fea, paffes by one fide of it ; but as the 
entrance is very difHculti and no wind but a 

maffth* 
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iiorth-weft one will permit any (hips to enter, 
and the town being liable to a bombardment, 
fuch a fituation as thi« is not to be ufed, ex- 
ccptinjg other reafons occur for fortifying it j 
this place has one advantage, that it cannot 
be attacked by land but on one fide only> 
which is along the fhore, becaufe all the 
other fides may be furroujided with water in 
the time of a iSege, and therefore the acceffi'^ 
ble fide may be made fo ftrong, as to make 
it a difficult matter to take it that way. 

This notion has been found to be erroneous 
in the laft fiege ; for the French found means 
to place two batteries on the other fide of the 
channel that leads into the harbour, the one 
fired into the entrance of the channel, and 
the other diredly into the harbour. This 
laft battery being ktUt from the face of the 
oppofite baftion, fomewhat oblique, where 
1 2 eighteen pounders were mounted, which 
would foon have filenced this battery, had 
the French not prevented it by tracing another 
epaulement parallel to, and about 20 yards 
behind the firft, and making the embrafures 
of the laft in a line with thofe in the firft, by 
which they could fire into the harbour, and 
they were covered by the firft epaulement 
againft the guns of the place. 

« Antwerp 
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uintwerp lies near th^ Scheldt and has no 
bther harbour than the river itfelf, which ik 
large and navagable f of (hips of great burthen. 
A citadel is built ahovc the town, to defend 
it againft an enemy coming by larid, and be- 
low arc feveral forts on both fidfes the ri^er, 
to prevent an enemy from approadhing it by 
water ; this place is fo happily fituated; that 
it was formerly the principal trading place 
of all Flanders and adjacent countries i but 
afterwards, when the Dutch had (haken off 
the yoke of the Spaniards^ and the beft part 
of Flanders was fubjeded to the houfe of 
Auftria^ the Dutch prohibited all the trade 
pf this place, and transferred it to theif own 
dominion^. 

By what has beeil faid with refped to this 

place, the reader may eafily perceive the great 

advantages it has j and that few fituations de- 

ferve fo much notice to be taken of them as 

' this. 

Boulogne is fituated hear a creek goihg pretty 
fdr up the land, at the entrance of which is 
a bar difficult to pafs without a good guide ; 
and on one fide is a high hill which com- 
mands it entircily, fo that the place is fecure 
againft any attack by fea ; for which reafon, 
fuch a fituation is not to be neglcdled. 

7 Dieppe 
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Dieppe is another place fituated near the 
fca ; the channel or entrance into harbour 
is guarded by two piers. or moles, which har- 
bour is nearly perpendicular to the fea, with 
a turning near the channel. 

The channel and harbour of this place 
feem to b.e very convenient, and as they, are 
ghicfly ;fQrmed by nature^ the experice of 
making them muft be inconfiderable ; but 
the .places itfelf is fituated fo near the fea, as 
to makp it liable to a bombardment, facb a 
fituation fhould therefore be avoided^ except- 
ing forts can bq^ made fp as tO: prevent the 
approach of an enemy's fiect. 

,Thc.laftXea-port we fhall mention is the 
famous one of T'ouhn, fituated in the Medi- 
terranean -, the entrance inta the bayor road 
is large and/pacious, covered by a neck of 
land, and defended by three caftles, two forts 
and fix. batteries ; the road is fo large, that a 
whole flget may ride in it ; adjoining to the 
town arqjriclofcd two largie harbours, by piers 
or moles, the one for the king's (hips, and 
the other fo^r merchant men ; the firft is much 
larger than the fecopd, and its entrance is 
made in the form of a V open at bottom, 
hy which the ftiips are carried in gradually,, 
v^ithout danger of running againft.th? jpiers. 

To 
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P1.XXIX. To give an idba of this* harbour, which 
is certainly one of the fineft in Europe^ ^e 
have rcprefen ted the plan of the town and^ 
harbour only in the 29th plate, though it 
would have been much better for the reader's 
information, to have added the road and en- 
trance likewife ; but this could not be brought 
into fo fmali a compa& as to be inferted in thi% 
book, without rendering the parts indiftlnd. 
From this the reader may form a judgment 
how to proceed, if he fliould find himfelf 
employed in fuch fort of works : for nothing 
can be more inftrudive than examples of 
works executed i the precepts only, without 
them, will never make fo ftrong an impreffion 
upon the mind as is required in the execution 
of any projed, which mud: be perfedtly well 
anderilood beforehand. Thofe who are cu-* 
rious in feeing the manner of formiqg har- 
bours, may confult the fecond part of M« 
Belid(fr\ Architedk Hydrauliijues, where they 
will find plans of the mof(: noted harbours iti 
Europe. 

Before we finiih tbiS futjeft, we think it 
Will not be improper to give thfc principal 

^ N. B. This plan has by miibke been rereried by tk€ 
rngaver ; fo that the king's harbour^ which appears on tbo 
tight) fliovld be on the fefc. 

con-* 
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conditions /equircd in a fca-port town, and 
which ought to be obferved in the building 
Aich places. 

Firft, the harbour is of the greateft im* 
portancc to all places of trade by fea; it ought 
ihcrcfore to be well con^dercd, whether there 
18 one to be found, which is formed by na- 
ture, fuch as a bay, creek, or a bafon, or if 
by the help of a little labour one may be 
made 5 for to make one entirely by art, be- 
comes generally too expenfive, and they can 
never be made fo large as to contain a con- 
fidcrable number of fliipsj whether the road 
before the harbour has a fufficicnt depth of 
water for (hips of great burthen to ride in it 
fafely ; whether there is good anchoring, and 
the (hips may be fafe in ftormy weather, and 
cfpecially that fliips may enter by fuch winds 
as are moft cjangerous upon that coaft ; if 
the entrance can be defended againft a ftrong 
fleet, by means of forts, caftles, or batteries 
built on each fide of it ; and laftly, whether 
the (hips, riding int he road and harbour, are 
fafe againft a bombardment. 

Secondly, whether the chief or principal 
materials for building the fortification and 
the town^ are to be had near the place, or 
thereabouts ; fuch as (lone, timber, lime> C^c. 

O or 
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or if not» whether they can be brougb 
by water, otherwife the conftruftion of fuch 
a place would be attended with ao iaimenfe 
cxpcncc ', whether the country round about 
is plentiful in thofe things which are neccffa- 
ry for the fuftenance of men and cattle ; for 
fhould it be barren, the bringing thefe nc- 
cefTaries from diftant countries might be at- 
tended with great difficulties, cfpccially, in 
time of war, when an enemy might intercept 
them, and thereby reduce the place by fa- 
mine ; whether the air is good and the fitua- 
tion wholefome in all refpe(Ss,.and good wa- 
ter to be found near or thereabouts j for if it, 
' ihould be unwholefome, people would not 
care to fettle there, and thofe that would ven- 
ture, would neither increafe or adt with that 
fpirit and chearfulnefs required for the im- 
provement of new Settlements ; and as to 
good water, it is fo neceflary, that it is im- 
poflible to do without it ^ lallly, it fhould 
be confidered, whether the country round 
about it produces fuch commodities as are 
fit for trade ; how it may be improved, and 
where it may be tranfported to, either for 
falc or exchange, for feme others which 
.may turn to account either at home or 
abroad. 

All 
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All thefe things being well confidercd, td- 
gether with the nature of the ground, the 
plan of the place miifl: be made accordingly; 
in which the conftrudtion of the works ought 
neither to be exceffive in the expence -fat 
building of them, nor yet fo fmall as not fuf- 
ficicntly to defend the place, but fuch as the 
importance of the place requires, and the fi- 
tuation admits of. As there are few fitua^ 
tions which have all the advantages which 
could be deiired, care muft be taken to pitch 
upon fuch as have moft of them, and Where 
the reft may be fupplied partly by art. 

The moft favourable fituations for build-- 
ing maritime towns, are near the mouth or 
''entrance of a navigable river, efpecially when 
it is free from rocks and fands, and is of eafy. 
accefs for (hipping. In fuch fituations, the 
harbour may be made on the oppofite fide 
ef the place, in refpcft to the fea, as at 0/^ 
te;2d, and fome other places. 

If the river is large, the place n?ay be built 
at fome diftance from the fea, as Antwerp ; 
and there is no occaGon for a particular har- 
bour, the river itfelf being fufficient; the only 
thing to be obferved is, that there may be 
fome place, where (hips may be fafe in ftorroy 
weather ; a hill or rifing ground near the ri- 
O 2 ver. 
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ver, which fhelters it from the mod danger- 
' ous winds, will be very advantageous for 
t)iat purpofe. 

Thefe fituations near large navigable rivers^ 
not too far from the fea, are the raoft advan- 
tageous that can be found j for they have all 
the advantages of a fea-port town, and are not 
liable to be attacked by an enemy's fleet, and 
are abfolutely free from botpbardment, ex- 
cepting by knd, fince a few forts built io 
the turnings of a river will be fafficient to 
prevent any attempt that way : befidcs, the 
merchandife brought by water may be car- 
ried into the country to foreign markets with 
little trouble, and no great expencc* 

As the greateft wealth of a country de- 
pends on trafiick by fea, fo there is nothing 
of fo great confequencc, as the well protedk- 
ing it, by building proper harbours to con- 
tain fhips in fafety, and to nc^ake the«) fo, that, 
they may be defended againft the force or 
ftratagem of an enemy : proper landing places 
fhould not be omitted, nor good magazines 
and convenient ftore-houfcS to lodge the 
goods in, and, in general, everything (hould, 
be thought of that any ways may contribute 
to eafy conveyances, and the proper difpof- 
ing of them. But as nature is fo various in 

its 
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its operations," that it is impoffible to forefec 
all the different circumftahccs which, may 
happen, fo it is likewife impoflibl^ to de- 
fcribe them, and confequently the choice of 
a proper fituation, and the manner of con- 
ftrudling fuch aplace, according to its import* 
^nce, muit be referred to the fagacity of the 
engineer employed in the undertaking, who 
certainly can have no larger field to difplay 
his knowledge, than on fuch occa(jons. 

Of CiT ADELS. 

In a country newly conquered, or one of 
a long ftanding, where the inhabitants arc 
fjjfpeded of being difiiffeded to the govern- 
ment, citadels are built to keep them in awe, 
and prevent all attempts they may make to 
fhake off tlieir dependency ; as likewife to 
fecure the garrifon from any treachery, 
which they might be willing to undertake 
again ft them. 

It happens likewife fometimes, that w^hen 
a town is large and wealthy, and has little 
or no fortification, a citadel is built to fecure 
it againft an enemy, when it would be too 
expenfive to fortify the town itfelf ; and to 
ferve for a place of fecurity, to carry in the 
beft effcdls of the inhabitants in time of dan- 

O 3 ger. 
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ger, when the approach of an enemy is ap*« 
prehended. 

There are many fuch pUces in Italy^ 
which are large and wealthy, the fovereign? 
pf which not b^ing in a condition to fortify 
t^hem, build citadels or caAles, to fave ex- 
pences ; as likewife to fave large garrifons tp 
guard and defend them. 

In regard tp the fituation of a citadel, if the 
town lies in an open country, it ought to be 
built on the highcft part of the ground, in oxy 
der to command all the part? of the town, if 
poffible ; if the town lies near a navigable ri- 
ver or lake, it (hould be placed near the en- 
trance, to prevent the approach of ?in enemy 
with (hips I and if the place is a fea-port, the 
citadel ihould be placed near the harbour, fo 
as to command it from one end to the other y 
that it may protedl the (hips lying in it, and 
fecure the place againft any bombardment. 

Another coniideration (hould be had in 
placing citadels, with relpefl: to the town j 
which is, that the principal ftreets of the 
place fhould be feen and lie open to the 
AVorks of the citadel, in order to fire on them 
and difperfe the mob that might rife and 
flock together in time of a fedition j as like- 
wife to prevent the approach of an enemy 
|hat way after the town is taken. 
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An open fpace, of fome hundred yards 
broad, (hould be left between the works of 
the citadel and' the town, called an Efpla^ 
nade ; which ferves chiefly to draw up the 
troops or,garrifon, to mufter and ex^rcife 
them there 3 as likewife to prevent any hid- 
den approach that might be carried on from 
the town againft the citadel. 

The figure of a citadel may be either a 
fquare, pentagon, or cxagon ; but the pen- 
tagon is • moft proper, and generally ufed ; 
theexagon being rather too big for that pur- 
pofe, as requiring too great an expence in the 
building, in proportion to its ufe, or the ad- 
vantage arifing from it ; and the fquare is 
thought too inconfiderate for making a fuffi- 
cient defence. 

When a citadel is to be built, either to an 
old place already fortified, or to a new one, 
its plan is to be traced by itfelf on a piece of 
paper, and upon the fame fcale as that of the 
town ; then the paper is cut off on that fide 
which is to be next to the town, quite clofe 
to the edge of the ^vorks, and is- laid on that 
of the town in fuch a manner, that the ditches 
and works of the fortification are \yell flank- . 
ed and enfiladed by the works of the citadel ; 
and when itis placed according. to its proper 
O 4. fitua- 
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fituation, it is pricked off^ and drawn upon 
the fame paper as that of the place^ 

It happens fometimes that there is a hill^ 
or rifing ground, within the fortification of 
the place, on which the citadel is built ; fuch 
fituations may ferve to keep the inhabitants 
inawCy if it is provided with neceiTaries, that 
the garrifon may defend themfelves, tiil fuch 
time that a relief may be fent i but they are 
of no manner of ufe againft an enemy, who, 
after being in poiSeflion of the town» may eafily 
reduce the garrifon in the citadel by famine^ 

The exterior fides of the citadel arc ge- 
nerally about 150 toifes ; but they may be 
more or lefs, as occafion requires. Parti<;u- 
lar care mufl be taken» to fortify the citadel 
ftronger than the town, otherwife the ene- 
my might attack it firft, and by the help of 
which reduce the town ; .it muft alfo be ob- 
ferved, to make the parts where thp citadel 
joins the town fufEciently ftrong, otherwife 
the town and citadel might be attacked to- 
gether. Moft citadels that I have feen are 
defedive in that refpeiH:, as we (hall (hew 
hereafter. 

There are generally two gates made to a 
citadel, the one for a^ communication with 
the town, and the other with the country; 

' the 
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the firft fcrvcs for the garrtfon to retire into> 
in cafe of a fedition, or after the town has 
capitulated^ and the other to receive fuccour, 
when the town is taken» or the citadel is 
blocked up by the inhabitants^ 

The citadel takes up generally two fides 
of the fortification^ and ought to be placed 
an fuch a manner, that the ditch of the place 
.xnay*either be defended by the faces of the 
bailions^ or by thofeof the ravelins, in as dw 
tcGt a manner as poffible j othcrwife the ene- 
my may attack the town in that place, as be- 
ing weakeil ; as likewife becaufe the fame 
attacks may ferve to reduce both together. 
The covert-way of the citadel ought to be 
uninterrupted, fo that the part next to the 
town may have a free communication with 
the other. 

In general, a citadel Aiould be conCtruded 
in fuch a manner, that an enemy may have 
no advaatage wherever they made their 
attacks.^ and that, if the citadel h attacked 
firfi, it may coft them as much time and 
trouble, as the attacking the town firft^ and 
the citadel afterwards. 

There are few citadels, that, in my opi-^ 
nion, are rightly joined to towns ^ the de- 
fence of the ditch is generally fo oblique 

and 
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and Infignificant, that it appears ftrange they 
are not attacked there ; that of Lille is one 

PLXXXLPf this kind. For thp ravelin A cannot de- 
fend the oppofite ditch in the leaft manner, 
nor is there any other work that can ; fo that 
if the town was attacked in that place, the 
Jbefiegers would meet with very little obftaclc 
in the paflage over this ditch ; neither does 
4hc baftion B defend the oppofite ditch, 
which can be done only by the oppofite co- 
.vcrt-way, from which the troops may eafily 
-be driven by the ricochet batteries. 

This plan is as the citadel has been built 

.at.firft, but at prefcnt the fecond ditch and 

'.covertrway towards the town have been taken 

• away, and new countergiiards have been built 

/before all the baftioils ; and retrenchments 

haye been made in the faces of thefe coun- 

tef guards: which is a pradice the French 

follow in all the countecguards. and tenail- 

-Ions, whether cpnftruded already, or when 

they make new ones. 

Pl.XXXL .The citadel of Taurnay is another inftance 
.of this kind ; for neither the ravelin A, nor 
the baftion B, can afford any tolerable de- 
fence to the oppofite ditches ; and as they 
are both dry, they ace liable to ferve an enc- 
Xi^y for making their trenches in them under 

cover. 
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poyer. This General Schullenbourg was fo i^n-^ 
fible of, as not to let flip the opportunity, 
when he attacked that place in Queen Anni% 
war ; for he carried his approaches through 
that before the baftion B, and ereded a mor- 
tar battery there; whereby the prodigious 
works above and underground of this citadel, 
which is efteemed to be one of the flrongefl: 
jn Europe^ were of no manner of ufe. 

It is a matter of furprife, that an engineer 
fliould takefo much pains in fortifying a place, 
as M. M^igrigny did, and put a nation to fo 
great cxpence, without confidering rightlyj, 
whether it may make a defence accordingly, 
or having a due regard, in making every part 
equally ftrong, fo as not to lofe the advan- 
tage propofed by it, * by neglefting fome, 
whereby the whole expence is entirely loft, 
to the great difadvantage of a nation. 

Laftly, the citadel of Arras is flill in a Plate 
worfe place than either of the foregoing ones j ^^^^^* 
for I do not fee whatfhould prevent an enemy 
from attacking the town near the citadel in 
the place A, (incethe troops being once driven • 
out of that part of the covert-way, which is 
pppofite to the ditch, by the ricochet batteries, 
which may foon be done, they might then as 
5 afily pafs the ditch, as if there was no cita- 
del ; • 
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del ; by which all the great works about the 
reft of the town would not be of the leaft ufe. 
Before we finifh this fubje^t, it will per- 
. haps not be improper to fay fomething farther 
of citadels in general. When they are built 
with an intention to keep theinhabitants, who 
are difafFefted to the gover>irnent, in awe, 
methinks they need not be fortified fo ftrong-^- 
ly as is cuftomary ; for if the garrifon can only 
hold out till fuch time that fuccour may be 
fent, it would be fufficient : for which reafon, 
if the town is fortified, by cuttitig off two ba- 
ftions only, with fome good retrenchment 5 
it would anfwer the ends propofed as well, 
as the adding another fortification of fo great 
expence, as is moft commonly praiftifed : 
and as thefe fupernumerary fortifications add 
but very little ftrength to the place in pro- 
portion to the expence, it appears to me, that 
if a part of that expence were employed in 
adding more works to the town itfelf, it 
would be of more advantage. 

The little defence made in the late war, by 
the citadels of Lille and ^ournay^ (hould, one 
would think, cure a prince of making thefe 
forts of works fo expenfive ; but there feems 
to be a neceffity of following the fafliion in 
fortification as well as in drefs, to avoid ap- 
pearing ridiculous. It 
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It may be faid, that the want of a good 
garrifon, ammunition, and other neceffaries, 
was the occafion of the fhort defences thefc 
two citadels made : it may probably be, that 
they were obliged to furrender-fomewhat 
fooner on this account. But if a large town , 
is able to make as long a defence as there is 
any ammunition and troops to defend it; 
there feems to be not the leaft occafion for 
any more works, which can but little in- 
creafe the ftrength of the place* 

Befides, it is manifeft, by what has been 
faid before, that a fmall place ever fo well 
fortified, and provided acciordingly, can never 
make the defence, which a larger may do 

with lefs works in prbportion; 

« 

Of Forts and Redoubts. 

Forts arc a kind of fmall fortifications, pute - 
built in order to guard fome paffcs, in^ moun* XXXIIL 
tainous country, or near caufeways, rivers, 
and other fuch like places. Their figure and 
bignefs are various, and depend chiefly* on 
the nature of the fituation, and importance of 
the place : -fometiiics they are only made 
triangular, as in the firfl: figure, with half ^8* «• 
baftions ; but this fort is very imperfedt, be- 
caufe the faces are not feen or defended from 

any 
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any other part. Ifinftead of being tertni- 
Bated at the angle, they were direded to a 
point within about 20 toifcs from it, they 
would be much better, as being then defend- 
ed by that length of the rampart, though 
very obliquely. There fhould be a ditch of 
8 or 10 toifes about this fort, although wc 
have not marked it in this figure. 
Kg* «• Sometimes they are made as in the fecond 
figure, that is, triangular, as before, but in- 
' Head of making half baftions at the angles, 
whole ones are placed in the middle of the 
Ijdes. The gorges of thefe baftions may 
be from 20 to 24 toifes, when the fides arc 
frpm a 100 to 1201 the flanks are perpen- 
dicular to the fides from jo to 12 toifes 
• long, and the capitals from 20 to 24 : if the 
fides happen to be more or lefs^ the parts of 
the baftions are likewife made more or lefs 
in proportion ; the ditch round this fort may 
be 10 or 12 toifes wide. 

The ramparts and parapets of thefe forts 
of works are commonly mad^ of turf, and 
the outfidc of the parapet fraifed ; that is, a 
row of pallifades are placed in about the 
/ middle of the flope, in an horizontal man- 
ner, the points declining rather a'little down- 
wards, that the grenades or fire- works thrown 

2 upon 
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Upon them, may roll down into the ditch : 
and if the ditch is dry, a row of palifades 
fhould likewifc be placed in the middle of it, 
to prevent the enemy from pafling over it 
unperceived, and to fecure the fort from any 
furprife. 

Forts are moft commonly made fquare, as Fig. 3. 
in the third figure ; at leaft, when the pafs 
they are to guard is of any confequence, or 
the place may eafily be approached ; the fides 
of this fquare are 100 toifes, the perpendi- 
cular 10, and the faces 25; the ditch about 
this fort may be from 10 to. 12 toifes ; the 
parapet is to be made of turf, and fraifed, and 
the ditch palifaded when dry. There may 
be made a covert-way about this fort, or elfc ' 
a row of palifades might be placed on the 
outfide of the ditch. 

• They arc often made of various figures, 
regular or irregular, fometimes in the form 
of a femi-circle, efpecially when they are fi- 
tuated near a river, fea, or at the entrance of 
a harbour ; by which figure, they are able 
to fire at the (hips on all fides of it ; at others 
with a long fide, and feveral fmall ones with- 
out any baftions; this fliould however not be 
done, but when they cannot be approached, 
without much time and difficulty : for it is 

not 
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not fu^pofed that any fort can hold out long^ 
againfl: a fuperior force provided with artiU 
lery ; their intent is only to prevent parties o( 
an enemy to pafs that way^ and to flop them 
for fome time till they may be fuccoured. 

When a fort is to be built in the neck of 
landj formed by the confluence of two ri- 
vers, or in the windings of a river, in order 
to prevent an enemy from tranfporting any 
thing by water, or to prevent the paffing of 
their (hips that way ; the figure of the fort 
mud be adapted to the fituation, in fuch a 
manner, that there may be no place for land- 
ing troops, but what can be difcovered by the 
fire of fome work or other, and the fide next 
to the land fliould always be better fortified 
than the other parts near the river ; as being 
more liable to be attacked. . 
Fig. 4« The fourth figure reprefen^ts fuch a fort ^ 
three fides of which, are a loo toifes each« 
and the fourth but 50, as fuppofing the, 
ground to be narrow in that place ; the per- 
pendiculars to the greatefl fides are 14, and 
the faces 30 ; the perpendicular to the other 
10, and the faces i^: the capitals of the ra- 
velins 25 ; the great ditch 12 ; that before 
the ravelin 8, and the covert- way 4 or 5. 
The narrow front towards the land is covered 

by 



Digitized by 



/'Googk 



OP FORTIFICATION. 209 

fcy a horn-work, whofe fronts is at the 
diftance of 36 toifes from that of the fort, 
and 90 long, the perpendicular 12, faces 25, 
and the branches 10 toifes broad at their 
extremities $ the capital of the ravelin before 
this work is 22 toifes, the ditch before the 
homework 8, and that before the ravelin 
6 or 7. 

We ihall add another example of this kind, 
fuch as is reprefentcd by the fifth figure : Fig. j; 
the land k fuppofed to open gradually ; for 
which reafon three fides are 100 toifes each, 
and the fourth 160; the perpendiculars to 
the fhorteft 12, and the faces 30 ^ that to 
the greateft 20, and the faces 45 : the ditch 
before the three (hort fides is 12^ and i3 
before the greatert:. The capital of the 
ravelin is 46 toifes, its ditch 10 ; the faces 
of the liinettes are at right angles to thofe of 
the ravelin, and fall within 16 toifes from 
the fkliant angle ^thefe faces are 25 toifes 
long, and the others are perpendicular to 
thofe of the badions ;^ the narrow part of the 
bonnet is 10 toifes, and the f^ces are per- 
pendicular to thofe of the lunettes, or parallel 
to thofe of the ravelin ; the ditches before 
the lunettes and bonnet are 8 toifes^ and the 
covert- way 4, 

P There 
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There are generally great faults committed 
in the conftrudions of forts near the fea, oc 
navigable rivers, for want of rightly con- 
fidering all the different circumftances at- 
tending thefe fort of works, and without 
which it is impoffible that a work will ever 
anfwer the intents and purpofes for which 
it was built. For inftance, if a battery of 
fort, built near the water where fhips may 
approach, has its parapet not of a fufiicient 
height ; thofe behind them may be fired 
upon, from the round-top of the maft, by 
which the gunners are obliged to abandon 
their guns, to fave themfelves by flight $ 
and fo thefe forts or batteries become of little 
•r no ufe. 

This was the cafe at Portobellot when at- 
tacked by Admiral Vernon \ for the forts and 
batt^eries, which were defigned to defend the 
harbour, bad been made fo lovv, that the (hips 
could come quite clofe to them, and the 
troops Ln them were foon obliged to take to 
their heels and run away. 

There, is generally another fault commit- 
ted, which is, that if chefe forts or batteries 
are left open behind, or are very little fortified 
towards the land, the enemy may land men 
in the dark and furprife them, by which the 

guns 
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guiife placed in them become not Only ufelcfs 
to the place, but ferve rather to deftroy it. 

At Carthagena the Spaniards bad a fafcine 
battery on the other fide of the entrance into 
the harbour, oppofitc to the camp, by which 
they prevented (hips from going irt ; fdilor^ 
were fent to take it, which was foon per- 
formed I but beihg fatisfied with driving only 
the Spaniards from it, they were obliged 16 
take it a fecbnd timfe td nail <up the guns. 

The fame thing happened laft war at Cape 
Breton^ where the French had a battery of 1 5 
large pieces of cannon ; which the EngUJh 
furprifed in the dark, and* turned the cannon • 
againft the place, whereby they became foon 
Rafters of it. This fort was quite open 
behind, which being furprifed by the failors 
in the night, as we faid, turned the cannon 
againft the town ind took it. Whereas if this 
battery had been fecured in a propdf manner, 
ive might perhaps not have been able to take 
it, or at lead it would have lengthened the 
fiege corifiderably. Many examples might 
be cited of this kind, to fHew, that the want 
of judgment in building thefe forts has 
proved a detriment, inilead of an advantage, 
to the places which they (hould have de- 
fended« 

P 2 Tp 
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To prevent the incoaveniiency of berBj* 
feen behind the parapet^ it will be necefiarjr 
to make them 9 or lo feet bigh^ and to. cover 
the batteries overhead^ which may be dooe, 
by making an arch over every piece, left open 
behind to let out the fmoke^ but if thi9 
ihould be thought too cxptnfi'^e, they might 
be covered v?kh planks, li^ke ihed$ k and tQ: 
, prevent the wood being fe( a^^e, th^y qtay 
be covered with earth or dung about a foot 
and a half thick : for if it is but ftrong eaough 
' to refiA; mufket-ihot^ it is fu^cient* 

And to prevent a fort or battery being dft^ 
prifed, they (hould be fortified all round wit^ 
a good raippart and ditch at leaft, or wi^th a? 
addition of outworks^ if the place is of any 
importance > the rampart mud be fraifed 
with palifades, if it is made with turf» and 
the ditch fliould have a row of paliiadesi,. 
planted in the middle of it, in cafe it is dry i. 
which will prevent an enemy approachiog 
unperceived* 

It has been the cuftonti^ in latter , time;, 
for (hips to approach /qrts and deftroy thero^ 
without any concern, as kn,owing too welt 
the little danger they expofe tbemfelves tp^ 
and this hajs been, occa^pned by their bad 
condrudion ; whereas, if they werp made 

as 



Digitized by VjOOQIC 



OF FORTIFICATION. 213 

«s they (hottld be, it would not be impoflible 
to fink every (hip that (hould dare venture 
to come near them. The reafon of this is 
plain, if we conjiider the uncertainty there is 
to fire from a (hip, which is in a continual 
motion, and that a battery, covered with a 
good parapet, inay watch th« opportunity, 
when the (hip comes near and oppofite to it, 
and fire all the guns at once,, pointing nearly 
at the fame place a little above the water, 
which will hardly fail of deftroyihg it. 

On the contrary, if the guns of the ihip 
hit the battery by chance, they can do it but 
iittid or no damage, when the parapet is well 
made. 

There are fomc who are of opinion, that 
fllips will always be able to dcflroy a fort, . 
on account that they have more guns within 
a lefs .compafs than any battery on land can 
have ; and if the contrary happens, it is more 
owing to the cowardice of the commander, 
than to any thing elfe, but this is a wrong 
fiotion, as we (hall make a'ppear. For fup- 
pofe a firft rate man of war, vi^hich has three 
decks, and therefore msly have perhaps four^ 
five, or fix guns to one j the chance of hitting 
the battery, on account of the (hip's q?otion, 
is not above three to one; and when the (hot 

P 3 • . (Irikes 
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Arikes the parapet^ it can do it but very littlo 
damage^ excepting it ffaould hit a gun by 
chance, which it would difmount ; but this 
is not fo cafily done, confidering the fmall- 
nefs of the gun with regard to their intervals; 
it is certain not one gun in 30 will hit ; 
whereas the battery may watch the opportur 
nity, fo as when the (hip comes near and 
oppofite, to make a general difcharge with 
^11 the guns, where there will be not one 
that mifles, and every (hot will make its hole 
into the (hip, and deftroy all things that are 
in its way. From 'wheace it may be con- 
cluded with juftice, that (hips are never able 
to deftroy any fort, when it is conftrudted 
in the manner it (hould be. 

If the nature of the ground is fo as to 
admit of making two batteries, one above 
the other, it ihould not be negledted; the 
one nearly a level with the furface of the 
water, to fire in a horizontal direction, and 
?he Qthcr to plunge into the (hips i fo that 
if the troops are placed on the lower, being 
well protcdted in the front by a high parapet^ 
and covered above with arches or planks, 
it will not be in the power of (hips to deftroy 
|hem, as has been done heretofore. 



Digitized by 



Googk 



OF FORTIFICATION. 215 

If there arc any flates of fand, or rocksi 
near or within the entrance of a harbour, it 
will be very proper to build fome tower or 
fort there of feveral ftories, well arched, fo as 
to be bomb-proof,' in order to place feveral 
ranges of guns in them ; but as the fmoak 
might be troublefome in the lower ftories, 
I would makd it open in the middle, that is, 
I would make two concentric walls, fo that 
the arches of the roofs of the lower ftories 
might be quite open behind ; and in cafe 
the enemy fliould throw fliells, and hit the 
upper battery, it might be fo contrived, that 
the {hells may roll down the opening in the 
middle without doing any damage^ - 

Fort St. Louis, in the road before the har- 
bour of Toulon, is fuch a work, of a round 
formff built upon a rock, within the water j 
and the towers cMtd Egi/kUe znd Figfiette, 
are places of the fame nature in a fquare form, 
built upon the necks of land on both fides of 
the mouth of the road. 

It is the cuftom of fome modern engineers, 
when they build any fort or battery near the 
fea or navigable rivers, to make a parapet of 
three feet high only, in order to fire the guns 
en barbet ; the reafon they give for thi^ prac- 
tice js^i thafthey may point the guns wJiich 
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way they pleafe, cither ^down the rivers to 
prevent the fliips from approaching, deftroy 
thepi when they are oppofite, or firing after 
them in cafe they (hould pafs. However 
fpecious thefe reafons -appear at firft, yet 
when it is rightly confidefred, it will be found 
that this practice is not fo advantageous as 
they imagine. Fpr i/ they fire at the fliips 
when they are yet far off, they can do them 
but very little damage ; and the advantage 
gained thereby will not by far be equivalent 
to the danger they will themfelves be ex** 
pofpd to, when the fliips come near ;, fincQ 
one broad fide, together with the fire of the 
fmall arms, will be fufficient to kill or di£f 
able all thofe which are on tl^e battery. Oo 
the contrary, if the batteries are well covered 
in the front by a good parapet, and above by 
planks, or only fail-cloth, and made in fuch 
a manner, as that fome guns may be diredted 
down the river, and others upwards ; this 
battery will have all the advantage which 
they can pretend to gain by their praftice^ 
and none of its difadvantages. ^ 

Another method is alio ufed in fort^^ 
much more defective than thisi which is* 
to build the parapets of brick or ftonc only, 
without any earth behind it ; for as fpon as 

. thsj 



Digitized by 



Googk 



/ 



OF FORTIFICATION. tiy 

the {hips come once within reach of the fort 
or «^atteriesj they may eafily deftroy this 
parapet, and the pieces of ftones or bricks 
will be more dangerous to the defenders 
than the enemy's (hot itfelf. And it has 
been found by experience, that nothing dif- 
faeartens troops placed behind a wall fo much 
as the pieces of ilone flying about their ears, 
and therefore fuch a practice ihould be 
avoided as much as poflible; befides, the 
adding lo or 12 feet of earth only to the wall 
will be but a trifling expence, and yet fuffi^ 
Ipient to protect the troops from this danger. 

Having explained the ihethods of the rnofl 
celebrated authors, and carefully examined 
* their conftrudions, to the befl of our judg- 
ment, without the leafl partiality, we hope 
to have done all that is necefTary to complete 
the elementary part of fortification ; which 
bein^ well underftood, will, I hope, be 
fufficient for underflanding the fubjed ; and 
to leave nothing that might any ways con- 
tribute to the reader's fatisfa<!tion, we (hall 
fubjoin the following explanation of the. 
principal terms ufed in fortification, by way 
of a dictionary, to which recourfe may be 
had, when there is any occafion for it» 

An 
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An Explanation of the principal termt 
ufed in Fortification^ digejled in an 
. alphabetical manner, . 



A. 



yi\ 



fNG LE of the center of a polygon, 
is formed by two radii drawn to the 
extremities of the fame (ide. 

Angle of the polygon, is made by the con-^ 
courfe of two adjacent fides pf a polygoq. 

'Angle of the flank, is made b/ the curtafii 
and the flank. 

^;3^/^of theflioulder, is made by the face 
0n4 flank pf the baflion. 

Approaches^ are a kind of roads or paflfages 
funk in the ground by the befiegers, whereby 
they approach the place under cover of the fire 
froip the garrifon. 

ArroWf is a work plaq? d at the faliant an- 
gles of the glacis, and confiftsof two parapets, 
(pach 40 toifcs long ; this work has a com- 
niunication with the covert- way of about 24. 
or 30 feet broad, called caponier, and a ditch 
before it of 5 or 6 toifes. 

AJfault^ is a fudden and violent attack, 
made uncovered, on the part of th? rampart 
where a breach has beep p;iade. 
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Attacks is the manner and difpofition made 
by an army or a great party, to drive an enemy 
out of a fortified place^ or of any kind of Arong ^ 
fituation. 

l^arbet^ when the parapet of a work is but 
three feet high, or the bread- work of a battery 
is only that height that the guns may fire ove? 
it without being obliged to make embrafures^ 
it is faid that the guns fire en barbet. 

Bajiion^ is a part of the inner inclofure of 
^ fortification, making an angle towards the 
field, and confifts of two faces, two flanki?^ 
and an opening towards the center qf the place 
palled the gorge* . 

A baftion is faid to be full, when the level 
'ground within is even with the rampart, that 
>s, when the infide is quite Jevel, the parapet 
being only more elevated than the refl. 

And a baflion is faid to be eriipty, wheo 

the level ground within is much lower than 

^the rampart, or that part next to the parapet^ 

where the troops are placed to defend the 

baflion. 

Banquette^ is a kind of flep m^ide pn thp 
rampart of a work near the parapet, for the 
frqops to ftand uppn ift order to fire over the 

parapet ; 
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parapet $ it is generally three feet high^ and 
as many broad^ and 4I feet lower than the 
parapet* 

Battery f is a work made to place guns or 
mortars on it ; confifts of an epaulement 
or breaft-work of about 8 feet high, and 18 
or 20 thick 1 when it is made for guns» 
openings or embrafures are m^de in it, for 
the guns to fire through them. 

Berntf is a little fpace or path df 6 or 8 

feet broad, between the ditch and iht para-> 

pet> when it is only made of ttirf, to prevent 

the earth from polling into the ditch, and 

' ferves likewife to pafs and repafs. 

Blind, is two fticks fattened together by 
two fpars of about 4 feet afundcr ; they fcrve 
to cover the faps, or to keep up the earth on 
the fides, by placing fafcines behind them. 

Blockade, is the eftcompafiilig a fortified 
place with an army, fo that it muft either 
be ftarved or furrcnder. 

Body of the place; although the btrildings 
in a fortified place are properly faid to be the 
body of the place, yet the inelofure round 
them is generally underftood by it : for it is 
faid, to conftrufl: the body of; the place, 
which means ho more than to fortify or in-* 
clofc the place w'ith baftions and curtains. 
' Bombs, 



Digitized by 



Googk 



OiP FORTIFICATION. 221 

BomBsf 18 the name of the (hips which 
carry mortars. 

Bombardment^ is when a great number of 
Aiells are thrown into a place, to ruin and 
deftroy the buildings. 

Bonnet 9 is a fort of work placed before thf 
faliant angle of the ravelin to cover it. 

Barracks^ are thofe piles of buildings made 
on purpofe to lodge the )foldiers in them. 

BreacJkp is an opening made in a wall or 
rampart, with cannon or mines, fufficiently 
wide for a body of troops to enter the workt 
and drive the beikged out of it. 

C. 

Coital (^£ ft WQrk» is an imaginary line 
which divides t;hat wo^ into two equal and 
fimiliar parts. 

Capitulation^ 13 the , agreement made by 
the begeged with the befiegers, on whac 
conditions the place is to furrender. 

Cafnp, is the fpot of ground occupied by 
an army for a night or rooje,, and where 
iKey pitch theif tents. 

Caponietf h a paflage made froiln one work 
to another, of 10 or 12 feet wide, covered 
on each, fide by a parapet^ terminating in a 
flope or gUciR. 

6 Thus 
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Thus when the ditch is dry» the paflagdf 
from the curtain to the ravelin, or that frora 
the covert* way to the arrows or detached re- 
doubts, are calle caponiers. 

There are often finglc parapets raifed at 
the entrance of the ditch> before the ravelin, 
to place foiall cannons and men behind theni 
to difpute the pafTage over that ditch, which 
are like wife called caponiers. 

Cavaliery is a work raifed generally with- 
in the body of the place, ten or twelve feet 
higher than the reft of the woffcs. Their 
moft common fituation is within the baftioit^ 
and made much in the fame form ; fome- 
times they are alfo placed in their gorges, or 
'on the middle of the curtain ; they are then 
. made in the form of a horfe-ftioe, only fomes. 
what flatter. 

The ufe of cavaliers is to command all 
the adjacent works and country about it; 
they are feldom or never made but when 
there is a hill or rifing ground which over- 
looks fome of the works. 

Cafemat, is a work made under the ram* 
part, like a cellar or cave, with loop-holes, 
to place guns in it. 

Chamade ; when the governor of a place 

befieged wants to capitulate, then the drums 

,2 beat 
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bbat on the rampart next to the attack^ which 
is called chamade. 

Cbeavaux de Frize^ are large joifts ox beams 
ftuck full of wooden pins armed with iron, 
to ftop breaches, or to fccure the paflages 
of a campagainft the enemy's cavalry. ; 

Covert^way, is a fpace five or' fix toifes 
broad, going quite round the works of a for- 
tifications and is adjoining to the counterfcarp 
of the ditchesi covered by a parapet 7I feet 
high, terminating in an eafy fidpe towards 
the fields at a diilance of 20 toifes. 

Center of the bajiiorif is the pbint within 
where the two adjacept curtains produced 
interfed each other. 

Citadel^ is a kind of fort or fmall forti- 
fication of Jour, five, or fix fides, jointd to 
towns, when the inhabitants are fufpedted 
to be difaflFecSted to the government. 

Command^ when a hill or rifing ground 
overlooks any work of a fortification, and is 
within the reach of cannot-fliot ; this hill n 
faid to command that work. 

Chamber^ is that place of a mine where 
the powder is lodged. 

CountermineSf are the mines made withiA 
the fortification, either at the fame time the 
place is fortified, or afterwards in the time 
of a fiege. Coun^ 
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Counterfcarpf is the outfidc of a dkch, 
oppofite to the parapet; of the work behind 
the ditch ; it is often faid» that the beiiegers 
have* carried their lodgements upon the coun- 
terfcarp^ which meaiis^. they are lodged on 
the covert- way. 

Cmnterguard^ is a work placed before the 
baftions to'cdv^r the oppofite flanks from be* 
ing fecn from the covert* way ; they are like- 
wife made before the ravelins. 

When they are placed before the baflionSt 
they are efteemed to be of . ji very good de« 
fence. 

Crown-work^ is a kind of work not unlike 
a crown $ it has two fronts and two branches j 
the fronts are compofed of two half baftions 
and one whole one; they are made before 
the curtaip or the baftion, and generally^ 
ferve to tnclofe fbme buildings which cannot 
' be brought within the body of the place, 
or to cover the town^gates, or clfe to occupy 
jSL fpot of ground which might be advantage* 
ous to an enemy. 

Cordon, is a round projedion made of ftone ' 
an a feml-circular form^ whofe diameter is 
about 8 inches, which reigns quite round 
the wall, within four feet from the upper 
part* 

Curtain^ 
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Curtain, is the gart of the body of the 
place, which joins the flank of one baQiiou 
to that of the next. 

Cuvette^ or rathejr Cunette, is a fmall ditch 
pf 10 or 12 feet broad, made in the middle 
of a large dry ditch, ferving as a retrench- 
ment to defend the ditch, or elfe to Tet wa- 
ter in it, when it can be had in the time of 
a i\^gt. 

Counterforts, or Buttereffes^ are folids of 
mafohry, built behind walls, and joined tor 
them, at i8 feet diftance from center to 
center, in order to ftrengthen it, efpecially 
when it fuftains a rampart or terras. 

Communication^ is a paflage from one work 
to another, covered by a parapet on each fide* 
See Caponiers. 

Decagon, is a polygon or fortification of 
ten fides. 

T>emt-lune, or 'Ravelin, is a work placed 
before the curtain to cover it, and prevent 
the flanks from being difcovered fideways 3 
it is made of twb faces meeting in an out-* 
ward angle. 

Detached bajiion, is that which is fepa^ 
rated from the reft of the body of the placQ, 
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and is made in the fame manner as thofe 
which arc joined to the body. Counter- 
guards with flanks are alfo called detached 
b^flionsy as in M. Faubans fecond and third 
methods. 

Detached redoubt ^ is a work made at fomc 
diftance from the covert-way, much in the 
fame manner as a ravelin with flanks. 

Ditcb, is a large deep trench made round 
each work, and the earth dug out of it ferves 
to raife the rampart and parapet. 

Dodecadon, is a figure or fortification of 
twelve fides* 

E. 

E/carp, is properly any thing high and 
fteep, and is ufed in fortification to exprefs 
the outfide of the rampart of any work next 
to the ditch, as being high and fleep. 

Embrafurest are openings made in the ' 
* flanks of a fortification, or in the breafl-work 

of a battery, of about 2^ feet within, 8 or 
9 without, and 3 from the bottom, for the 
guns to enter partly, and to fire through. 

E7ijUadey a work is faid to be enfiladed, 
when a gun may fire into it, fo that the 
fhot may go all along the in fide of the pa- 
rapet* 

8 Epaule^ 
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Epaulementf is a kind of breaft-work to 
cover the troops in front, and fomctimes in 
flank. 

In a fiege, the bcficgers raifc generally an 
epaulement of 9 or 10 feet high, near the 
entrance of the approaches, to cover, the ca- 
valry, wrhich is placed there to fupport' the 
guard of the trenches. 

Efplanade^ is an open fpace between the 
citadel and town, to prevent an enemy from 
making approaches undercover, after- he is 
mafter of the place. 

Enneagon^ is a nine-fided figure or fortifi- 
cation. 

Eptagofh a feven-fided one* 

Exagofif a fix-fided one. 

Exterior Jide of a fortification^ Is the di- 
ftance or imaginary line drawn from one 
point of the bailion to that of the next. 

F. 

Faces^ of the baftion, are the two fides 
which meet in an angle projecting towards 
the field. 

Faces^ of any v^ork, are thofe parts where 
the rampart is made, making an angle point- 
ing outwards. 

0^2 Fafcine^ 
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Fa/cine 9 a kind of faggot made of branches 
tied in two or more places of about 6 or 8 
inches diameter. 

Theyferve to keep up the earth in trenches, 
as likewife in batteries, inflead of ilone or 
brick walls. 

When they are ufed in raifing batteries, 
they arc generally i6 feet long; and are 
then called Saucijfons. 

Fauffe-bray^ is a low rampart going quite 
round the body of the place ; their height is 
about 3 feet at mofl above the level ground; 
and its parapet is about 4 or 5 toifes diftance 
from that of the body of the place. . 

Thefe works'have been intirely rejcidled by 
the modern engineers, excepting M. Vauban^ 
who makes them only before the curtains, 
and then they are called tenailles. 

Flanks in general, is a part of a work, 
which, defends another work along the out- 
fide of its parapet. 

Flank of the bajiion^ is the part between 
the face and curtain ; the flank of one baftioa 
ferves to defend the ditch before the curtain, 
and face of the oppofite baftion. 

Flank (concave) is that which /is made in 
an arc of a circle. 

7 

Flank 
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Flank (retired) is that which is made be- 
hind the h'ne, which joins the extremity of 
the face and the curtain, towards the capital 
of the baftion. M. Vauban makes his 5 
toifes from that line, others more or lefs, as 
it happens. 

Flanking^ is the fame thing in fortification 
as defending. # 

Flank (direS or grafing^ is that which is 
perpendicular to the oppofiteface produced ; 
and oblique or fiflbant, when it makes an 
acute angle with that face. 

Flank (fecond) when the face of a baftion 
produced, does not meet the curtain at its ex- 
tremity, but in fome other point ^ then that 
part of the curtain between that point and the 
flank, is called fecond flank. The modern , 
engineers have rejedled this way of fortifying. 

Forty is a fmall fortification, made in a 
pafs, near a river, or at fome diftance from ^ 
a fortified town ; to guard the pafs, or to 
prevent the approach of (hips, or an enemy 
by land. 

Fortification^ is a general name for any 
work made to oppofe a fmall number of 
troops againft: a greater. 

Fourneaut is the place of a mine, where 
the powder is lodged, and is the fame thing 
as the chamber of a mine. ^^^Z^fh. 
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Fougafs, IS a fmall mine, from 6 or 8 feet 
under ground; ihey are generally placed 
under the glacis or dry ditches. 

Fraife, a kind of flakes or palifades placed 
horizontally on the outward flope of a ram- 
part made of turf, to prevent the work being 
taken by furprizc. 

When an army retrenches itfelf, they often 
fraife the parapets of their retrenchments in 
the parts moft expofed to being attacked. 

Fu/ee^ is the piece of wood drove into gre- 
nades or fhells, being hollow, and filled with 
mealed powder, by which the grenade or 
ihell is fired. 

G. 

Gabioriy is a cylindric bafket open at both 
ends, of about 3 feet wide, and as much in 
height ; they ferve in fieges to. carry on* the 
approaches under cover, when they come 
pretty near the fortification. 

Gabion^ (ftuft) is made in the fame man- 
ner as the former, they are only filled with 
all forts of branches and fmall wood, and are 
5 or 6 feet Idng; they ferve to roll before the 
workmen in the trenches, to coyer them in 
front againft mufket-fliot. 

Gallery^ 



Digitized by 



Googk 



OF FORTIFICATION, 

Gallery^ is the paflage made under ground 
leading to the mines ; they arc from 44- to 
5 feet high, and about 4 feet broad ; the 
earth above is fupportcd by wooden frames 
>yith boards over them. 

Garrifon, a body of troops compofed of 
horfc and foot, placed in a fortification to 
guard it in time of peace, and to defend it 
in time of war, in cafe an enemy fhould 
attack it. 

Glacis t is that part of a fortification be- 
yond the covert-way, to which it ferves as 
a parapet, and terminates towards the field in 
an eafy flope at about 20 toifes diftancc. 

Gorge^ of a baftion, is the interval between 
the extremity of one flank to that of the other. 

Gorge f of any work, is that part next to- 
the body of the place, where there ils no 
rampart or parapet ; that is, at the counter- 
fcarp of the ditch. f 

Grenade, is an iron ball of about 3 inches 
diameter hollow within ; which is filled with 
powder, to be thrown by the grenadiers 
amongft the enemy in an attack, after having 
fct fire to the fufce, that it may burft. 

H. 

Hornivork^ is compofed of a front and 
0^4 two 
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two branches ; the front is made into two 
half baftions and a curtain : this work is of 
the nature of a crown-worlc, only fmallcr, 
and ferves for the fame purpofes. 

Half -moon', (tt Demi-lune. 

Hurtor^ is a piece of timber about 6 in- 
ches fquare, placed before the wheels of a 
carriage, againft the parapet of a battery, to 
- prevent the wheels from doing damage to 
the parapets. 

I 

Infult^ a work is faid to be infulted, 
Xvhen it is attacked fuddenly and openly. 

Invejiing a place ^ is to furround it with 
troops, fo as to prevent any thing to enter* 
the place, or to be carried out of it : it is. 
the firft operation of a fiege. 

Interior Jide of a fortification^ is the ima- 
ginary line drawn from the center of one ba- 
ftion to that of the next, or rather the cur- 
tain produced to the centers of the baftions* 

L. 

Ijine of defence^ is the diftance between 
the faliant angle of the baftion, and the 
pppofite flank; that is, it is the face pro- 
diiceA to the flank. '- ' 

Line 
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Lwe of eircumvallationf is the work or 
retrenchment made about an army which 
beficges a place, to fecure it againft any infult 
from without y it is made of a parapet which 
a ditch before it, and at every 120 toifes, or 
thereabout, the parapet projeds outwards iii 
an angle; this projedion is called a Redan, 
and fcrves to flank or defend the other parts. 

Line of countervallation, is the work made 
by an army which befieges a place between 
their camp and the town, to cover it a- 
gainft any enterprize of the garrifon ; it is 
made much sifter the fame manner as the line 
of circumvallation, only in a contrary dif- 
pofition. 

Line^ is alfo the name of the works made 
by an army from one town or ftrong poft to ^ 
another, behind which it is encamped, to 
guard a part of the country. 

Line of counter-approacb^ is a kind of 
trench made by the garrifon when befieged, 
going from the covert^way in a right line, 
fo as part of the enemy's approaches may be 
enfiladed from thence. 

Lodgment y is the work made by the be- , 
fiegers in fome parts of fortification, after 
the bcfiegers have been drove out, to main- 
tain it. 

Loop^ 
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Loop'-bolesy arc fquare or oblong holes 
made in the wall> to fire through with 
mufkets. 

Lunettes^ are works made on both fides 
of a ravelin \ one of their faces is perpendi- 
cular to half or two thirds of the faces of 
the ravelin, and the other pearly fo to thofe 
of the baftions. 

Lunnettes» are alfo Works nfiade beyond 
the fecond ditch, oppofite to the places of 
arms ; they differ from the ravelins only in 
their fituati6n. 

M. 

Mantlet^ is a kind of moving parapet 
made of flrong planks, about 4 feet long 
and 3 high, mounted upon two wheels, 
with a long pole fixed to it ; they ferve to 
cover the fappers in the front againfl mufket- 
(hot. 

MinCf is a kind of lodgment made under 
ground to place powder in it, which is fet 
on fire, in order to blow up the works above 
it ; the difference between mines and coun- 
termines is, .that the firft are made by the 
bcfiegers, and the latter by the befieged. 
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O. 

. OSiagon^ is an eight-fidcd figure of forti- 
fication. 

Ondecagon, an cleven-fidcd one. 

Orillon^ is a part of the baftion near the 
(houlder, which ferves to cover the retired 
flank from being feen obliquely. 

Orgues^ many harquebuflcs linked together 
or divers mufket-barrels laid in a row, fo that 
they may be drfcharged either all at once or 
feparately ; alfo long and thick pieces of wood 
with iron plates at the end, hung over a gate, 
to flop it up inflead of a port*culIice. 

' Palifades, are a kind of flakes made of 
ilrong fplit wood of about 9 feet long, fixed 
3 feet deep in the ground in rows about 6 
inches afunder ; they are placed in the co- 
vert-way at 3 feet from, arid parallel to the 
parapet or ridge of the glacis, ♦ to fecure it 
from being furprifed. 

Parapet^ is a part of the rampart of a 
work, of 18 or 20 feet broad, and raifed 
6 or 7 feet above the reft of the rampart : 
it ferves to cover the troops, placed there to 
diefend the work, againft the fire of the 
enemy. Parallels, 



^35 



Digitized by 



Googk 



236 THE ELEMENTS 

Parallels^ or places of arms, arc deep 
trenches 15 or 18 feet wide, joining the fe- 
veral attacks together; they ferve to place the 
guard of the trenches in, to be at hand 
to fupport the workmen when attacked. 
There are generally three in an attack i the 
firft is about 300 toifes from the covert- way 
the fecond 190, and the third near or ©a 
the glacis ; they were firft invented or ufed 
by M. Vauban. 

Petard^ is a kind of a brafs pot fixed 
. upon a ftrong fquare plank, which has an 
iron hook to fix it againft a gate or palifades ; 
this pot is filled with powder, which when 
fired, breaks every thing about it, and there- 
by makes an opening for an enemy to enter 
the place. 

Port'cullice, is a falling gate or door like 
a harrow, hung over the gates of fortified 
places, and let down to keep out the- 
enemy. 

PldcCf is commonly ufed in fortification 
inftead of a fortified town. 

Place of armSi of the covert-way, is a 
part of it, oppofite to the re-entering angle 
of the countcrfcarp, projecting outwards* in 
an angle. 

Places afarms^ in an attack ; fee Parallels. 

Plat- 
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Flat-form, is a floor made of ftrong planks, 
laid upon joifts, on a battery, to place the 
guns or mortars upon, in order to prevent 
the wheels or mortar- bed from finking in the 
ground. 

R. 

Rampart^ is an elevation of earth raifed 
along the faces of any work, of 10 or 15 
feet high, to cover the inner part of that 
work againft the firfe of an enemy. 

Rams-horns^ areakuid of low work made 
in the ditch of a circular arc ; they were 
invented by M. Belidor, and ferve inftead of 
tenailles. 

Re-entering angle, is that which turns its 
point towards the center of the place. 

Ravelin. See Demi-lune. 

Redans. See Line of circumvallation. 

Redoubt t is a kind of work placed beyond 
the glacis, of various forms. 

Redoubt i is alfo the name of a fmall work 
made in a ravelin, of the fame form. 

Redoubt, is likewife a fquarc work without 
any baftions, placed at fome diftance from 
a fortificatiQ:n, to guard a pafs, or to prevent 
an enemy from approaching that way. 

Revete^ 
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Revetementi is a ftrong wall built on the 
outfide of the rampart and parapet, to fup- 
port the earthj and prevent its rolling into 
the ditch. 

Ricochet, when guns are loaded with fmall 
charges, and are elevated from 10 to 12 de- 
grees, fo as to fire over the parapet, and the 
ihot rolls along the oppofite rampart, it is 
called ricochet firing ; and the batteries are 
likewife called ricochet batteries. 

S. 

Sally f is when a party of a garrifon goes 
out privately, and falls fuddenly on the be- 
iiegers in their trenches, endeavouring to 
drive them out and deftroy their works. 

Saliant angle^ is that whofe point turns 
from the center of the place. 

Second ditch, is that which is made on 
the outfide of the glacis, when the ground 
is low, and water to be had. 

Second covert^way, is that which is made 
beyond the fccond ditch. 

Sap, is a trench or an approach made 
under cover of 10 or 12 feet broad, when 
the befiegers come near the place, and their 
fire grows fo dangerous, as not to be ap- 
proached uncovered. 

Sau- 
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Sauciffon^ is a long pipe or bag, made of 
cloth or leather, of about an inch and a half 
diameter, filled with powder,, going from the 
chamber of a mine to the entrance of the gal- 
lery ; it fervesto give fire to the mine. 

Saucijfon, is likewife a fafcine much lohger 
than the common ones ; they fervc to raifc 
batteries, and to repair breaches. 

Siege^ is when an army approaches a for- 
tified place, and furrounds it on all fid^, 
endeavouring to oblige the garrifon to furrcn- 
der, either by deftroy ing the works of the 
fortification, or whofe which defend them* 

T. 

^aludf or flope, \t made to the works of a 
fortification, both on the outfide and infidet 
to prevent the earth from rolling down. 

Traverfe^ is a parapet made crofs the 
covert-way, oppofite to the faliant angles of 
the works, and near the places of arms, to 
prevent enfilades; they arc 18 feet thick, 
and as high as the ridge of the glacis. There 
are alfo traverfes made in the caponiers, but 
then they are called tambours. 

'TraverfeSf are likewife made within other 
works, when there are any hills or riQng 
grounds, which may fee the infide of thefe 
works. TCenailles^ 
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^enailks, are low works made in the ditcK 
before the curtains j there are thtee forts, 
"viz. the firft are the faces of the hi- 
ftions produced, till they meet, but much 
lower } the fecond have faces, flanks, and 
a curtain ; and the third, have only faces 
and flanks. 

Tenail/ons, arc works made on each fide 
of the ravelin, much like the lunettes i they 
differ, in that one of' the faces of a tenail-. 
Ion is in the dircdion of the face of the 
ravelin; whereas that of .the lunette U per^ 
pendicular to it. 

Tower bajiions^ fmall towers made in the 
form of baft ions by M. Vauban^ in his fe- 
cohd and third method j with rooms or 
cellafs underneath, to place nien and. guns 
in them. 
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